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PREFACE 


The studies on soaps detailed in these pages were originally 
undertaken for the elucidation of various purely biological ques- 
tions. The proof that widely differing theoretical and practical 
problems associated with the maintenance of normal physiology 
in plants and animals or in the treatment of their diseases are 
essentially problems in colloid-chemistry (more particularly 
problems in the colloid-chemistry of the proteins) made more 
and more evident the necessity for a better understanding of the 
nature of various colloid-chemical changes themselves. The 
. chemistry of the proteins as chains of widely differing amino- 
acids presented, however, such an infinity of possible variables 
that every direct attempt to analyze their colloid-chemical 
behavior was beset with difficulty. For this reason we turned 
to the soaps, for these substances not only contain a more con- 
trollable number of purely chemical variables, but their colloid- 
chemical behavior is much like that of the proteins. From the 
surer ground of the soaps it was then possible to step over into 
the more slippery one of the proteins. What are some of the 
bearings of our various conclusions upon the biological behavior 
of living cells under normal and abnormal circumstances is detailed 
in the pages that follow. 

The reason why this volume is written as it is, is largely the 
fruit of circumstance. While my first interests are biological 
and medical, it happens that generous friends have often asked 
me to present the work contained in this and some other of my 
books before their societies devoted to various branches of pure 
and applied chemistry. Due to such encouragement I have set 
down in this volume the substance of what was said to them and 
in which they saw relations to their own fields of endeavor. 

Among the scientific journals to which this work was first 
submitted only Science and The Chemical Engineer could find | 
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space for some of its fragments. In order that the whole might 
be presented in sequential form it was therefore necessary to write 
a book. 

I am greatly indebted to Doris Wtjlff for her attention to 
the manuscript; to Joseph B. Homan for his pen and ink draw- 
ings; to Josef Kxjpka for his photographs and tireless devotion 
to the business of the day. 

Martin H. Fischer. 

Eichberg Laboratory op Physiology, 

University of Cincinnati, 

November 24, 1920. 
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PART ONE 

THE COLLOID CHEMISTRY OF SOAPS 


SOAPS AND PROTEINS 


PART ONE 

THE COLLOID-CHEMISTRY OF SOAPS 


I 

SOAP MAKING 
1. Introduction 

If there are included in the definition of soap all those com- 
pounds which are formed when a metallic base (including ammo- 
nium) is united with a fatty acid radical, any effort to emphasize 
their wide importance is largely superfluous. Not only do various 
soaps appear, change and then disappear in living animal and 
plant cells under various circumstances, not only do they con- 
stitute, from both a quahtative and a quantitative viewpoint, 
one of the chief interests of theoretical and practical chemists, 
but their existence, availability and properties have much to do 
with the very esthetics of our existence, from clean clothes to the 
fine arts. 

The making of soap — even when carried out in ton lots by 
the modern manufacturer — does not in our day differ materially 
from the methods employed by the pristine housewife. Fats 
and oils ” are still stirred or boiled in a kettle with a caustic 
alkali of some sort. The modem concept of what happens under 
such circumstances may be said to date from Chevebul, who in 
1815 showed that fats ” and oils,’^ whether of plant or ani- 
mal origin, are compounds of fatty acid with alcohol, usually the 
triatomic alcohol, glycerin. When such compounds (esters, in 
other words) are treated with an alkali, double decomposition 
ensues, the metallic radical uniting with the fatty acids contained 
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in the fat or oil to form the corresponding soaps, while alcohol 
(glycerin) is split off. Expressed graphically and for a single 
“fat”: 

yO-CigHssO . ; 

CsHs^O • CisHs 5O + 3 NaOH = 3 NaO • CigHssO + C3H 5 (OH)3 . ^ 

^O-CisHssO ' ' 

Glyceryl stearate + sodium = sodium stearate -f- glycerin i 

hydroxid 

It is important for our purposes to note, first, the variables 
contained in th§ elements constituting the reaction mixture. 

There is (1) the fat. While all the fats are esters, they run 
the gamut in mere physical attributes from the extreme, on the . 
one hand, of liquids not unlike water, through viscid oils, to the ' 

extreme, on the other hand, of solids like waxes,’’ which can i 

hardly be broken with a hammer. But, from a chemical point i 

of view, it is obvious that these may also differ widely from each ; 

other both as to (a) kind of fatty, acid found in the ester, and j 

(b) kind of alcohol united to the fatty acid. Even without 
embracing the theoretical extremes we find at the one end fatty f 

acids with, say, six carbon atoms in the molecule, while at the 
other may be those with two dozen. The alcohol found in the I 

fat is usually glycerin, but diatomic or monatomic alcohols may j 

take its place. | 

A second variable concerns (2) the hydroxid employed. Since | 

the commoner soaps of commerce are sodium soaps, sodium I 

hydroxid is the alkali ordinarily employed. In “ soft ” soap I 

manufacture potassium hydroxid is used, for the soft soaps are j 

potassium soaps. Directly or indirectly, however, other hydroxids f 

or bases are of much scientific or technologic importance. Sodium, j 

potassium and ammonium are of significance when ordinary ^ 

washing ” soaps are under consideration, but the wide distri- 
bution of magnesium and calcium compounds in various waters ” 
makes necessary a knowledge of the properties of the soaps of ■ 

these metals when hard ” waters are used. The importance ; 

of the heavy metals, like zinc and lead, becomes apparent when j 

it is recalled that zinc stearate is used as a dusting powder in 
skin affections and that the plastic properties of lead plasters 
and of various paints is dependent upon the lead soaps found or 
formed in these mixtures. 
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Another variable is represented by (3) the water. It must 
be constantly borne in mind that soap manufacture is carried out 
in the presence of relatively little water. As ordinarily expressed, 
soap making proceeds in a highly concentrated reaction mixture. 
Not without its important influence is the presence of (4) the alco- 
hol (glycerin) split off in the process of manufacture. A final 
variable that must be considered in the ordinary process of soap 
manufacture is (5) the temperature. Many soaps can be made, 
and are made, at ordinary temperatures or by the cold proc- 
ess; more commonly, however, they are “ boiled.” 

The so-called Twitchell process of soap manufacture differs 
from the above only in the fact that instead of the neutral fats 
(in other words, glycerids or esters) the free fatty acids are used. 
In this process the original fat is first broken into fatty acids and 
glycerin, and the separated fatty acids are brought by themselves 
into the soap kettle. To them is then added an appropriate 
hydroxid, and the soap is made. Fundamentally, however, the 
variables in the reaction mixture are, from both a chemical and a 
physical standpoint, essentially those already listed, except that 
glycerin is missing. 

The conversion of a neutral fat (or of a fatty acid) into soap 
requires time. However, if the reaction has been carried to com- 
pletion, and if no excess of any of the ingredients has been 
employed, it is obvious that the final mixture in the soap kettle 
must consist of (1) water, (2) alcohol (glycerin) and (3) soap. 
The soap must be examined (a) from the point of view of the fatty 
acids which it contains, and (b) from that of the basic radical or 
radicals which it may hold. This fundamental process of soap 
manufacture is complicated, however, by a procedure which 
introduces a new variable into the general problem and which, 
in consequence, requires special analysis. This is (4) the “ salting- 
out ” process. In the manufacture of the ordinary washing 
soaps, for example, the fat with its added alkali or the fatty acid 
with its requisite alkali is boiled until soap formation is assumed 
to be complete. There is then added either (a) a great surplus of 
the alkali (like sodium hydroxid) or more commonly (6) a neutral 
salt. Usually sodium chlorid is shoveled into the soap kettle. 
As generally expressed, the excess of alkali or the presence of the 
sodium chlorid makes the soap insoluble ” in the “ lye,” where- 
fore it grains ” and floats to the top of the boiling soap mixture. 
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In commercial soap manufacture, this surface layer of soap (bring- 
ing with it a certain amount of water, of excess alkali or salt, and 
some glycerin if the Twitchell process is not the one employed) 
is separated from its lye, is permitted to cool and after more or 
less handling is made into “ cakes ’’ for trade purposes. 


2. Soap Making as a Colloid-Chemical Problem. The Fatty 
Acids of the Technical and Theoretical Chemists 

Until the eighties of the last century, soap itself and the proc- 
esses of its manufacture were looked at from a purely chemical '' 
point of view. The soaps were, in other words, regarded as ordi- 
nary salts which were either soluble or insoluble in 
water or other solvents. When soluble, the resulting soap 
“ solutions were generally regarded as obeying the laws char- 
acteristic of the ordinary solutions. In 1888 Franz Hoemeister ^ 
chose the soaps in general and sodium oleate in particular as 
materials of colloid nature and as fit substances upon which 
to test out the dehydrating effects of various salts. The notion 
that soaps were normal electrolytes,’^ that solutions of soap 
follow the laws of osmotic pressure and in other ways comported 
themselves as true solutions continued, however, into the nineties, 
when F. Kraeft ^ and his co-workers pointed out that the more 
concentrated solutions of soap did not show the calculated depres- 
sions of the freezing point or elevations of the boiling point of 
true solutions. Krapft and his feUow workers therefore declared 
these more concentrated soap solutions colloid.” Further 
impetus to the development of this colloid-chemical notion of the 
soaps was given by F. Goldschmidt and his pupils,^ while various 
articles subsequently written by J. Leimdorper,^ F. Botazzi, 
C. ViCTOROw ® and W. Bachmann ® may be said to have 
established with finality that the soaps, in the concentrated form 

1 Franz Hofmeister: Arch. f. exp. Path. u. Pharm., 26, 6 (1888). 

2F. Krafft and H. Wiglow: Ber. d. deut. cheih. Gesellsch., 28, 2573 
(1895). 

^F. Goldschmidt: KoUoid-Zeitschr., 2, 193, 227 (1908); F. Gold- 
schmidt and L. Weissmann: Kolloid-Zeitschr., 12, 18 (1913). 

^ J. LeimdOrfer: Kolloidchem. Beihefte, 2, 343 (1911). 

® F, Botazzi and C. Victorow: Kolloid-Zeitschr., 8, 220 (1911), accessible 
only as review. 

® W. Bachmann: Kolloid-Zeitschr., 11, 145 (1912). 
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in which they are encountered in the ordinary processes of the 
soap manufacturer, represent typical colloid-chemical systems. 

The relationship between the older physico-chemical views, 
which proved that soaps under certain circumstances act as 
normal electrolytes,^’ and the insistence of later observers that 
they are colloids will become clearer as we proceed. Since the 
soaps ” ordinarily discussed are mixed soaps, and since the 
properties of such mixed systems are in themselves dependent 
upon the nature of the soaps entering into these mixed systems, 
it is best to begin by an investigation of the physico-chemical 
properties of the pure soaps themselves. 

It is well, for this purpose, to list the fatty acids of the tech- 
nical and theoretical chemists. This is done in the following 
table which is taken from J. Lewkowitsch.^ Those fatty acids 
of the various categories which receive special study in the suc- 
ceeding pages are printed in bold face. 

TABLE I 

1 . Acids of the Series CnH 2 n 02 . Acids of the Acetic Series 


Acetic acid 

C2H4O2 

Margaric acid 

C17H34O2 

Butyric acid 

C4H8O2 

Stearic acid 

CigHaoOa 

Valeric acid 

C6H10O2 

Arachidic acid 

CioH 4 o 02 

Caproic acid 

C6H12O2 

Behenic acid 

C 22 H 440 a 

Caprylic acid 


Lignoceric acid 

C24H48O2 

Capric acid 


Carnaubic acid 

C24H48O2 

Laurie acid 


Pisangcerylic acid 

C324H48O2 

•Ficocerylic acid 


Cerotic acid 

CaeHtaOa 

Myxistic acid 


Montanic acid 

CasHfieOj 

Isocetic acid 


Melissic acid 

C80H60O2 

Palmitic acidT 


Psyllostearylic acid 

C 83 Hfl 602 

II. Acids of the 

Series CnH^n- 

-2O2. Acids of the Acrylic 

OR 


Oleic Series 


Tiglic acid 


Rapic acid 

C18H84O2 

Not named 


Petroselinic acid 

C18H34O3 

Not named 


Cheiranthio acid 

C18H34O2 

Hypogaeic acid 


Liver oleic acid 

C18H34O3 

Physetoleic acid 


Doeglic acid 

Ci 9 Hs 802 

Palmitoleic acid 


Jecoleic acid (inferred) 

Cl 8 H 3 fl 02 

Lycopodic acid 


Gadolcic acid 

C20H38O2 

Oleic acid 

Ci 8 H 3402 

Erucic acid 

C22H42O2 

Elaidic acid 


Brassidic acid 

C22H42O2 

laodleic acid 

C18H34O2 

Isoerucic acid 

C22H42O2 


1 J. Lewkowitsch: Oik, Fats and Waxes, 6th Ed., 1, 111, London 
(1913). 
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III. Acids op the Series CnHsn-A 
(a) Open Chain Acids 

(qi) Acids of the Linoltc Series 

Linolic acid C18H32O2 Elaeomargaric (Elaeostearic) 

Millet oil acid C18H32O2 acid CisHjjOa 

Telfairic acid C18H32O2 


(jSl Acids of the Tariric Series 
Tariric acid C18H32O2 


(5) Cyclic Acids. Acids of the Chaulmoogric Series 

Hydnocarpic acid C16H28O2 Chaulmoogric acid Ci8Ha202 


IV. Acids of the Series CnH2n-602. Acids of the Linolenic Series 

Linolenic acid C18H30O2 Jecoric acid (inferred) CisHjoOa 

iBolinolenic acid CisHaoOi 

V. Acids of the Series CnH2a-802. Acids op the Clupanodonic Series 

Isanic acid C14H2DO2 Clupanodonic acid C1SH28O2 

Therapic acid (inferred) C17H28O2 Arachidonic acid C20H32O2 


VI. Acids op the Series C»H27703. Hydroxylated Acids 

Sabinic acid C12H24O3 Not named C21H42O3 

Juniperic acid. CwHsaOs Cocceric acid C8iH6203 

Lanopalmic acid CieHaaOa 


VII. Acids op the Series ’CnH2n-208. Acids op the Ricinoleic Series 

Ricinoleic acid C18H34O3 Ricinic acid Ci8H3408 

Isoricinoleic acid C18H34O3 Quince oil acid C18H34O1 

Ricinelai die acid C18H84O3 


VIII. Acids op the Series CnH2n04. Dihydroxylated Acids 

Dihydroxyetearic acid CisHaeOi Lano ceric acid C3oHflo04 


IX. Acids of the Series C7iH2«_204. Dibasic Acids 


Heptadecamethylenedicarboxylic 

acid CiaHasOi 


Octodecamethylenedicarboxylic 

C20H88O4 

J apanic acid C21 H4 0O4 


With these remarks, we shall proceed at once to a study of the 
water-holding power of various pure soaps. 


, i I 

THE COLLOID-CHEMISTEY OE SOAPS 


THE SYSTEM SOAP/WATER 
1. Introduction 

In the course of our work on the stabilization of emulsions ^ 
(in which we showed that the maintenance of a water-in-oil type 
of emulsion is dependent, in the main, upon the substitution of a 
colloid hydrate for the pure water) we were struck by the fact 
that no detailed figures are available which discuss in any syste- 
matic fashion the absolute hydration or gelation capacities of 
various pure soaps. Even though many studies^ on the chem- 
istry of soaps and their general colloid behavior are available, 
and even though we possess much empiric knowledge regarding 
the water content of various commercial soaps, these investiga- 
tions deal, for the most part, with mixed soaps, with soaps pre- 
pared in alcoholic solution or with such as have been “ salted- 
out.’^ But, as will be shown in this and subsequent sections, all 
these circumstances may materially modify the water-holding 
powers of the involved pure soaps, so that we found it necessary 
for our own purposes to prepare pure soaps with such factors elimi- 
nated. Since the values which we have obtained are not only of 
direct chemical and technological interest, but form the basis for 
theoretical views covering the nature of the lyophilic colloid state 
and the behavior of living organisms which are composed of such 
materials,^ we give below our detailed findings. First to be dis- 
cussed is the system composed of pure soap plus water, 

1 Martin H. Fischer and Marian 0. Hooker: Science, 43, 468 (1916); 
Kolloid-Zeitschr., 18, 129 (1916); ibid., 18, 242 (1916); Fats and Fatty 
Degeneration, 29, New York (1917). 

2 Sec for example F. Hopmeister: Arch. f. exp. Path. u. Pharm,, 25, 6 
(1888); F. Krafft and H. Wiglow: Ber, d. deut. chem. Gesellsch., 28, 2573 
(1895); F. Mebklen: ^Itude sur la constitution des savons du commerce, 
Marseilles (1906); F. Goldschmidt: Kolloid-Zeitschr., 2, 193, 227 (1908); 
J. Leimdorfer: Kolloid-chem. Beihefte, 2, 343 (1911); F. Botazzi and 
C. Victorow: Kolloid-Zeitschr., 8, 220 (1911), accessible only as review; 
W. Bachmann: Kolloid-Zeitschr., 11, 145 (1912); F. Goldschmidt and 
L. Weissmann: Kolloid-Zeitschr., 12, 18 (1913); J. Lewkowitsch: Oils, 
Fats and Waxes, 5th Ed., 3, 299, London (1915). 

^See page 64; also Martin H. Fischer and Marian O. Hooker: 
Science, 48, 143 (1918); Martin H. Fischer: (Edema and Nephritis, 3rd 
Ed., New York (1920). 
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2. Preparation and Gelation Capacities of Some Pure Soaps 

with Water 

Unless otherwise noted, we prepared all our soaps in exactly 
the same way, namely, by neutralizing a definite weight (one 
mol) of the pure fatty acid with a chemically equivalent amount 
of the hydroxid, oxid or carbonate of the necessary metal in a 
unit volume (one liter) of water, keeping the whole mixture at 
the temperature of a boiling water bath until union between the 
acid and base had been accomplished. Care was taken to prevent 
or to make good any loss of water from the reaction mixture 
while in the bath. Under these circumstances we are dealing in 
the end, of course, only with a unit weight of some pure soap in 
the presence of a unit weight of water. This detail regarding 
the histories of their preparation is of little interest from a 
chemicaU^ point of view, but, since the soaps are colloid/^ 
it is of vital importance from a physical one and, therefore, in the 
elucidation of the final result obtained. After we had prepared 
our soaps, the reaction mixtures were cooled to 18° C. and the 
yields of soap weighed. When the entire mixture became gelatin- 
ous or solid we considered that all the water had been absorbed 
by the soap.^ When free water began to appear above the 
soap, the weight of the theoretical yield of dry ” soap was sub- 
tracted from the weight of the soap as produced, the difference 
being expressed as percent of water absorbed ” by the soap in 
terms of the weight of the theoretical dry ” yield. 

a. Soaps with Different Basic Radicals. We began our experi- 
ments by preparing a series of linolates. The exact experimental 
methods followed and the results obtained may be deduced from 
Table 11. The striking differences in the absolute amounts of 
water taken up by these different soaps is readily apparent to the 
naked eye. To illustrate the matter Fig. 1 is introduced. 

The different water-holding capacities of a series of oleates and 
stearates is shown in Tables III and IV and Figs. 2 and 3. The 
experimental procedure in their production was the one described 
above. A comparison of these figures and findings with those 
obtained in the linolate series is of interest because the three fatty 

^This is really not the case, for what we actually determined was the 
gelation point. How this differs from the hydration (or solvation) point will 
become clear later. See page 74. 
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acids are all eighteen carbon atom acids, but are of three different 
series, varying in their degrees of hydrogenation as is shown in 
the following empiric formulae: 

Linolic acid CitHsiCOOH 

Oleic acid CnH^COOH 

Stearic acid — CjrH^sCOOII 
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In Tables V and VI and Figs. 4 and 5 are shown the gelation 
capacities of a series of pahnitaies and a series of laurates. 

These five sets of experiments show that a first factor in the 
amount of water held by different soaps is resident in the nature of 



the metallic radical combined with the fatty acid. If the radical 
most effective in this regard is given first, the sequence is about 
as follows; 

NHi, K, Na, Li, Mg, Ca, Hg, Pb, Ba (?) 



THE COLLOID-CHEMISTRY OP SOAPS IS 

As reference to the original experiments in the tables shows, it is 
especially the last mentioned members in the series which are 
likely to be transposed. 



6. Soaps with Different Acid Radicals, We turned next to the 
question of water absorption by soaps possessed of a common 
base and prepared under identical conditions but containing differ- 
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‘ ent fatty acid radicals. The re- 
sults in the case of the sodium 
salts of the acetic acid series are 
shown in Fig. 6. All the soaps 
were so made that in the end one 
mol of the soap was produced 
in the presence of one liter of 
water. 

As Fig. 6 shows (the formate 
and acetate have been omitted) 
the lowermost members of this 
series yield only molecular ('^true’O 
solutions under these experiment- 
al conditions. The solutions of 
sodium caprylate and caprate, 
as here prepared, show decidedly 
lasting foams, indicating that they 
are approaching colloid proper- 
ties. Beginning with sodium 
laurate, all the remaining soaps 
yield solid white gels. 

The same general truths are 
shown for the 'potassium salts of 
the acetic acid series in Fig. 7. 
Here again the lower members 
yield only true ” solutions, the 
middle ones liquid colloids, the 
upper ones solid gels. 

These two groups of experi- 
ments show that under otherwise 
fixed conditions the water-absorbing 
power of any soap depends upon 
the nature of the fatty acid in the 
soap, increasing with its height in a 
given series. 

To get a more accurate meas- 
ure of the amounts of water that 
can thus be held by a series of dif- 
ferent sodium soaps we made the 
following experiment. 
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Molar equivalents 
of several different 
sodium soaps of the 
acetic acid series were 
prepared as described 
above, but in the 
presence of gradually 
increasing amounts of 
water. Water was 
added until, upon cool- 
ing the soap mixture 
to 18° C., a solid gel, 
or one not showing 
syneresis,^^ was no 
longer obtained. 
Stated conversely, it 
was presumed that 
the limits for water 
absorption had been 
exceeded as soon as 
we obtained only a 
solution ” of the 
given soap or one 
which showed free 
liquid at the tempera- 
ture chosen (18° C.). 

The results of an 
actual experiment are 
portrayed in Fig. 8. 
The lowermost mem- 
bers of the sodium 
salts of the acetic 
acid series take up 
no water at all; they 
yield only true ” 
solutions. Sodium 
caproate forms a true 
solution in very little 
water, but when this 
is slowly evaporated 


PiauiiE 7. 
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one does not always get a crystalline product. The residue 
is frequently shellac-like. Sodium caproate may therefore 
be taken as the first soap in the series to show any water- 
holding power. Sodium caprylate easily yields true solutions, 
but if the amount of water is chosen correctly a beautifxil 
gel results at 18"^ C. The amount of water for one mol 



Figuee 9. 


of the soap must not exceed 200 cc. The matter is illus- 
trated in the left hand bottle of Fig. 8. Sodium caprate still 
yields a solid gel if 500 cc. of water are present to the mol of soap. 
This is shown in the second bottle of Fig. 8. As we mount in the 
acid series, the water-holding capacity grows tremendously. One 
mol of sodium laurate will hold 4 liters of water; the same amount 
of sodium myristate, 12 liters; of sodium palmitate, 20 Kters; of 
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sodium margarate, 24 liters; of sodium 
stearate, 27 liters and of sodium arachi- 
date, the enormous value of 37 liters. 
These facts are illustrated in the remain- 
ing bottles of Fig. 8 and, in graphic 
form, in Fig. 9. 

Sodium margarate, holding its 24 
liters of water to the mol of soap, assumes 
its rightful place in the acetic series as 
indicated in the broken line column of 
Fig. 9, but, since it does not seem to be 
settled as yet that margaric acid is 
more than a eutectic ” mixture of 
palmitic and stearic acids, this point 
should not be too heavily stressed. The 
soap of pelargonic acid (Cg) we have 
not yet been able to study. Both the 
sodium and potassium salts of cerotic 
acid (C 27 ) are so slightly hydratable 
(even after subjection to high tempera- 
tures and increased atmospheric pressure) 
that this acid does not fit into the smooth 
series of the soaps already described. 
Excepting these three acids, it will be 
noted therefore that all the water-holding 
soaps are of acids with an even number 
of carbon atoms in the empiric formula, 
a fact which may not be without signifi- 
cance in deciding which of the acids of 
the empiric formula CnH 2 n+iCOOH be- 
long in a true series. 

In the experiment just described, 
the water-holding power per gram-mole- 
cule of soap was determined. In order 
to get this value for equivalent weights 
of the different soaps, the series of 
experiments illustrated in Fig. 10 was 
performed. In this instance, water was 
added to one gram of each of the care- 
fully dried sodium soaps until, after 
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solution in a hot water bath, a dry gel was no longer obtained 
on reducing, the temperature of the mixture to 18° C. It is 
again evident that only liquid mixtures (true solutions) are 
obtained upon the addition of even trifling amounts of water to 
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the lowermost members. The actual amounts of water taken up 
by the higher members per gram of soap are shown in Tal)le 
VII and, graphically, in Fig. 11, 

The water-holding capacities of three sodium soaps of the oleic 
series (oleate, elaidate and erucate) and that of sodium Unolate 
are shown in Fig. 12 and Tables VIILand. IX. These two tables 
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show that, in the oleic series also, the soap of the higher fatty 
acid has a greater absolute gelation capacity than a lower one. 

Because linolic, oleic and stearic acids differ from each other 
only in the degree of their hydrogenation it is of interest to com- 
pare the gelation capacities of their three sodium soaps. The 
amount of water in cc. held per gram of dry soap is as follows: 


LinoUc (C17H31COOH) 3.31 

Oleic (CiTHaaCOOH) 3.28 

Stearic (CnHasCOOH) 88.00 



Figure 12. 


When comparison is made of the amount of water in cc. held 
per mol of dry soap, the values are as follows: 


Linolic (C17H31COOH) 1,000 

Oleic (C17H33COOH) 1,000 

Stearic (CnHssCOOH) 26,928 


Or, expressed as percent of soap required to yield the described 
colloid systems: 


Linolic 23.20 percent 

^i®ic 23.31 percent 

Stearic 1.12 percent 


c. The Effects of Water Concentration. The physical state of a 
soap/water system has in the above paragraphs been 'shown to 
be dependent upon (a) the type of base, and (6) the type of fatty 
acid in the soap. We wish now to emphasize the fact that a third 
element in the matter is (c) the concentration of the water. This 
item, which will be considered in greater detail later because 
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of its importance for the general theory 
of the colloid state/ is illustrated for 
a number of the sodium and potas- 
sium soaps of the fatty acids of the 
acetic series in Fig. 13. Each pair of 
tubes contains 10 cc. of a half molar 
“ solution ” of the sodium or potassium 
salt of propionic, butyric, valeric, cap- 
roic, caprylic,'^ capric, lauric, myristic, 
palmitic, margaric or stearic acid. It 
will be observed that the first six pairs 
of tubes from the left all contain mobile, 
clear liquids — ^in other words, liquids 
that look like true solutions. In the 
seventh pair (laurates) the sodium salt 
lies as a colloid mass in a solution of 
sodium laurate while the potassium 
salt yields only a solution. In the 
eighth pair (myristates) the sodium 
salt yields a solid white gel while the 
potassium salt still yields in part a 
true ” solution with a colloid mass 
lying in the bottom. Beginning with 
the palmitate pair and through the 
margarate and stearate, only solid white 
gels are obtained. This experiment 
suffices to show that a colloid soap 
system may he obtained with water only 
when the concentration of the water is 
kept sufficiently low and that when 
equivalent concentrations are compared 
a sodium soap becomes colloid sooner 
than a corresponding potassium soap. 
As we shall see later, this is because 
potassium soaps are more soluble in 
water and tend in consequence to yield 
molecular (true) solutions over higher 
ranges of soap concentration than the 
sodium soaps. 

^ See page 69. 


24 


SOAPS AND PROTEINS 


TABLE II 

Gelation Capacities of Different Linolates with Water 


Soap. 

How prepared. 

Theoret. 
weight of 
dry soap 
(m. w. 
expressed 
in 

grams') . 

1 

Ob- 
served 
weight of 
soap 

as 

pre- 

pared. 

Absolute 

amount 

of 

gelation 

w'ater. 

Percent 

of 

gelation 

water 

at 

18° C. 

Physical 
' state 

at 

18° C. 

Ammonium 

linolate 

Warm normal ammonium 
hydro xid solution poured 
into warm linolic acid 

207 

1207 

1000 

i 

33G 

Highly vis- 
cid, slight 
ly cloudy, 
yellow 
liquid 

Potassium 

linolate 

Hot normal potassium 
hydroxid solution poured 
into hot linolic acid 

;iis 

1318 

1000 

1 

314 

Highly vis- 
cid, opal- 
escent, 
yellow 
liquid 

Sodium lino- 
late 

Hot normal sodium hy-' 
droxid solution poured 
into hot linolic acid 

302 

1302 

j 

1000 

331 

Highly vis- 
cid, slight- 
ly cloudy, 
yellow 
liq uid 

Magnesium 

linolate 

Magnesium oxid stirred 
into hot linolic acid and 
hot water added 

201 

j 

i 

300 

108 

37 

Yellow 

sticky 

mass 

Calcium lin- 
olato 

Dry calcium hydroxid 
stirred into hot linolic 
acid and hot water added 

299 

i 

404 

105 

35 

"White 

flakes 

Barium lino- 
late 

i 

Dry barium hydroxid 
stirred into hot linolic 
acid and hot wate.r added 

348 

380 

32 

9 

Dry flakes 

Lead linolate 

Litharge stirred into hot 
linolic acid and hot wa- 
ter addqd 

382 

382 

382 C')*^ 


Sticky yel- 
low mass 


This observation is subject to question because of the possible oxidation of the fatty- 

acid. 
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TABLE III 

Gelation Capacities op Dipperent Oleates with Water 


Soap. 

How prex)ared. 

Theoret. 
weight of 
dry soap 
(m. w. 
expressed 
in 

grams). 

Ob- 
served 
weight of 
soap 

as 

pre- 

pared. 

bsolute 

amount 

of 

gelation 

water. 

Percent 

of 

gelation 

water 

at 

1S° G. 

Physical 

state 

Jil 

1H° C. 

Amruonium 

oleato 

Warm normal ammonium 
hydroxid stirr(?d into 
warm oleic acid 

201) 

1290 

1000 

( )ver 

334.4 

Cdear, solid 
gel 

Potassium 

oleate 

Hot normal potassium hy- 
droxid stirred into hot 
oleic acid 

:r2() 

1320 

1000 

Over 

312.5 

Clear, senii- 
li{|uid g(d 

1 

Sodium ole- 
ate 

Hot normal sodium hy- 
droxid stirred into hoi 
oleic acid 

204 

1304 

1000 

( >VCT 

32S . 0 

Clear, solid 
gel 

Lithium ole- 
ate 

Lithium carbonate stirred 
into hot oleic acid and 
hot water added 

2SS ' 

12.S.S 

lOOO 

Ov(‘r 

347.2 

Wliit(‘, solid 
gel 

Magnesium. 

oleate 

Magnesium oxid stirred 
into hot oleic acid and 
hot water added 

293 

510 

217 

74 . 0 

Whiter j)laH- 
lic mass 
in “fr(‘e” 
water ■ 

C a 1 c i u m 
oleate 

Calcium hydroxid stirred 
into hot oleic acid and 
hot water added 

301 

3X0 

79 

20.2 

While plas- 
litr mass 
in “frc'e” 
wat(a‘ 

Barium 

oleate 

Hot normal barium hy- 
droxid stirred into hot 
oleic acid 

300 

300 

10 

2.9 

Y (dlo wish 
f) 1 a H I. i c 
mass in 
“free” 

wat<!!r 

Lead oleate 

Lead oxid stir»-cd into hot 
oleic acid and hot water 
added 

3X4 

425 

41 

10.7 

Y ello wish 
p 1 a H i i 
mass in 
“free” 
water 

Mercury ole- 
ate 

Yellow mercuric oxid stir- 
red into hot oleic acid 
and hot water added 

381 

425 

44 

1 1 . 5 

Y (dlo wish 
I) I a H t i c. 
masH In 
“free” 

water 
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TABLE IV 

Gelation Capacities of Different Stearates with Water 


Soap. 

How prepared. 

Theoret, 
weight of 
dry soap 
(m. w. 
expressed 
in 

grams). 

Ob- 
served 
weight of 
soap 

as 

pre- 

pared. 

Absolute 

amount 

of 

gelation 

water. 

Percent 

of 

gelation 

water 

at 

18° C. 

j 

Physical 

state 

at 

18® C. 

Ammoniuni 

stearate 

Warm normal ammonium 
hydroxid stirred into 
warm stearic acid 

301 

I 

1301 

1000 

Over 

332.2 

White plas- 
tic mass 

Potassium 

stearate 

Hot normal potassium hy- 
droxid stirred into hot 
stearic acid 

322 

1322 

1 

1000 

Over 

310.5 

Semi-hard 

white 

soap 

Sodium 

stearate 

Hot normal sodium hy- 
droxid stirred into hot 
stearic acid 

306 

1306 

1000 

1 

Over 

326.8 

Hard white 
soap 

Magnesium 

stearate 

Magnesium oxid stirred 
into hot stearic acid and 
boiling water added 

295 

960 

665 

225.4 

Somewhat 
plastic 
chalky 
mass in 
“ f r e e” 
water 

Calcium 

stearate 

Calcium hydroxid stirred 
into hot stearic acid and 
hot water added 

303 

705 * 

402 

132.6 

White, dry, 
brittle 
powder in 
“ free” 
water 

Barium 

stearate 

Hot normal bariuip. hy- 
droxid stirred into hot 
stearic acid 

352 

587 

235 

66.8 

White 
flakas in 
“ free” 

( water 

Lead stear- 
ate 

Litharge stirred into hot 
stearic acid and boiling 
water added 

386 

730 

344 

89.1 

White, hard 
flakes in 
“free” 
water 

Mercury 

stearate 

Yellow mercuric oxid stir- 
red into hot stearic acid 
and boiling water added 

383 

865 

482 

125.8 

White 

I flakes in 
“free” 

‘ water 
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TABLE V 


Gelation Capacities of Diffekent Palmitates with Water 


Soap. 

How prepared. 

Theoret. 
weight of 
dry soap 
(m. w. 
expressed 
in 

grams). 

Ob- 
served 
weight of 
soap 

as 

pre- 

pared. 

Absolute 

amount 

of 

gelation 

water. 

Percent 

of 

gelation 

water 

at 

18° C. 

Physical 

state 

at 

18° C. 

Ammonium 

palmitate 

Warm normal ammonium 
hydroxid stirred into 
warm palmitic acid 

273 

1273 

1000 

Over 

366.3 

Solid white 
gel 

Potassium 

palmitate 

Hot normal potassium hy- 
droxid stirred into hot 
palmitic acid 

294 

1294 

1000 

Over 

340.1 

Plastic 
white gel 

Sodium pal- 
mitate 

Hot normal sodium hy- 
droxid stirred into hot 
palmitic acid 

278 

1278 

1000 

Over 

359.6 

Solid white 
gel 

Magnesium 

palmitate 

Magnesium oxid stirred 
into hot palmitic acid 
and hot water added 

267 

440 

i 

173 

64.8 

Rather 

brittle 

mass; 
plastic at 
higher 
tempera- 
tures 

Barium pal- 
mitate 

Hot normal barium hy- 
droxid stirred into hot 
palmitic acid 

324 

670 

346 

106.8 

Dry, flaky 

masses 

Lead palmi- 
tate 

Litharge stirred into hot 
palmitic acid and hot 
water added 

358 

l 

1 

390 

32 

8.9 

Shiny, hard 
flakes; 
plastic at 
hi g h e r 
tempera- 
tures 
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TABLE yi 

Gelation Capacities of Dipfebbnt Lauratbs -with Water 


Soap. 

How prepared 

i 

Theoret. 
weight of 
dry soap 
(m. w. 
expressed 
in 

grams). 

Ob- 
served 
weight of 
soap 

as 

pre- 

pared. 

Absolute 

amount 

of 

gelation 

water. 

Percent 

of 

gelation 

water 

at 

! 18“ c. 

Physical 

state 

at 

IS® C. 

Ammonium 

laurate 

Warm normal ammonium 

1 hydroxide poured into 
melted 1 auric acid 

217 

1217 

1000 

Over 
4(>0.8 
at 0*^’ C. 

Serrii-Holid; 
solid gel 
at 0° C. 

Potassium 

laurate 

Hot normal potassium hy- 
droxid poured into hot 
lauric acid 

238 

1238 

1000 

t>V(ir 
420. 1 
at 0 “ c :. 

Like water; 
solid gel 
at 0® C*. 

Sodium lau- 
rate 

Hot normal sodium hy- 
droxid poured into hot 
lauric acid 

222 

1222 

lOOO 

Over 

450.4 

Solid white 

«el 

Magnesium 

laurate 

Magnesium oxid stirred 
into hot lauric acid and 
hot water added 

211 

570 

359 

170.1 

Whi t(i flaky 
liartiolcH 

Barium lau- 
rate 

Hot normal barium hy- 
droxid poured into hot 
lauric acid 

208 

510 

242 

<M).3 

W hi t(i dry 
iwwder 

Lead laurate 

Litharge stirred into hot 
lauri c acid and hot wat er 
added 

i 

303 

425 

122 

40.2 

Hard, white 
rn ass; 
plii«ti(5 at 
h i g h e r 
tempera- 
turcB 
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TABLE VII f, / ‘ 

Gelation Capacities pee Geam of Sodium Soaps op the AcETictfei^EiES 
WITH Water at 18° C. 

Values in parentheses indicate percent of soap in the gel. 


Sodium formate 

0 


Sodium acetate 

0 


Sodium propionate 

0 


Sodium butyrate 

0 


Sodium valerate 

0 


Sodium caproatc 

(?) 


Sodium caprylate 

1 cc. 

(50.00) 

Sodium caprate 

2.5 “ 

(28.57) 

Sodium lauratc 

18 “ 

(5.26) 

Sodium myristate 

48 “ 

(2.04) 

Sodium palmitate 

72 “ 

(1.37) 

Sodium margaratc 

80 “ 

(1.23) 

Sodium stearate 

88 “ 

(1.12) 

Sodium arachidate 

111 “ 

(0.89) 



TABLE VIII 

Gelatio^j Capacities per Gram of Sodium Soaps op the Oleic Series 
WITH Water at 18° C. 

Values in parentheses indicate percent of soap in the colloid system. 


Sodium erucate . . 

Sodium oleate 

Sodium elaldate. . 


60.00 

3.28 

30.00 


(1.64) 

(23.36) 

(3.23) 


Solid white gel 

Highly viscid, yellow liquid 

Solid white gel 


TABLE IX 

Gelation Capacity per Gram op a Sodium Soap op the Linolic Series 
WITH Water at 18° C. 

Value in parenthesis indicates percent of soap in the colloid system. 


Sodium linolate 


3.31 (23.20) 


Highly viscid, yellowish-brown liquid 


1663 

■ir. Nai 
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III 

THE SYSTEM SOAP/ALCOHOL 
1. Introduction 

It is the purpose of this section to take up the matter of the 
production of various lyophilic colloid soap systems from materials 
in which water is practically or entirely absent. The facts learned 
under this heading will then serve, with the experiments described 
earlier ^ on soap/ water systems, for a general theory of the lyophilic 
colloid state.^ 

Of the many different “ solvents ” which will in this fashion 
yield beautiful lyophilic colloid systems with various soaps, we 
shall first take up the various alcohols, for not only do alcohols 
(like glycerin) frequently appear in the processes of soap manu- 
facture, but this or some other alcohol is commonly added to 
soaps from without to make them transparent.’’ 

2. Experiments with Monatomic Alcohols 

a. Monatomic Alcohols of the General Composition CnH 2 n+iOH. 

1. A first set of experiments consisted in the determination of 
the gelation capacities of various sodium soaps of the fatty acids of 
the acetic series in the presence of absolute ethyl alcohol. For this 
purpose we proceeded as in the experiments on the gelation 
capacities of these soaps when water was the solvent.” The 
soaps were made by adding to unit molar weights of the various 
fatty acids the necessary chemical equivalents of half normal 
sodium hydroxid in absolute alcohol. The mixtures were kept 
in a water bath set at 75^ C., and enough absolute ethyl alcohol 
was then added to each until on cooling the soap-alcohol mixture 
to 18^^ C. a “ dry ” gel was no longer obtained. In other words, 
if the soap/alcohol system remained liquid or showed syneresis ” 
it was held that its gelation limit had been exceeded. The results 

^See page 9; also Martin H. Fischer and Marian 0. Hooker: 
Chem. Engineer, 27, 155 (1919). 

®See page 64; also Martin H. Fischer and Marian O. Hooker: 
Science, 48, 143 (1918); Chem. Engineer, 27, 188 (1919). 
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(which are readily reproducible) in the case of an actual experi- 
ment, are shown in Figs. 14 and 15 and in Table X- The 
findings detailed in Table X are shown graphically in Fig. 16. 

A sodium oleate-ethyl alcohol gel prepared under identical 
conditions is pictured in Fig. 17. 

It is again of interest to note in connection with these experi- 
ments in which ethyl alcohol is used that, with the exception of 
margaric acid (about which there is still a debate as to whether 
or not it is more than a eutectic mixture of palmitic and stearic 
acids) all the soaps which show distinctly lyophilic properties 
are those of acids which have an even number of carbon atoms in 
the empiric formula. This fact was formerly emphasized in the 
case of these soaps, when water was the “ solvent ” concerned. 

The tendency to yield colloid gels diminishes not only quanti- 
tatively but also qualitatively, as we descend the fatty acid series 
from sodium arachidate to sodium acetate. The ethyl alcohol 
gel of sodium acetate tends to crystallize out within a few days 
after its formation. The butyrate gel (see Fig. 14) may go partly 
to pieces in the course of weeks, unless carefully protected from 
temperature changes, but the caproate yields a lasting colloid. 
These lowermost members of the soap series with an even number 
of carbon atoms, however, show a clean-cut tendency to gel 
formation not at all apparent with the formate, propionate and 
valerate. In the case of the last named substances, repeated 
trials under the conditions of our experiments yielded only thick 
crystalline precipitates. 

It is further to be noted (Fig. 16) that the regular downward 
gradation in gelation capacity is interrupted in the series between 
capric and caprylic acids. This point marks the transition from 
the fatty acids solid at ordinary temperatures, to those which 
are liquid. 

2. It was our next problem to discover what was the gelation 
capacity of some picked soaps in different alcohols. We used for 
this purpose several sodium soaps of the acetic acid series, three 
sodium soaps of the oleic series and one sodium soap of the linolic 
series.^ The erucate and linolate were prepared through neu- 

^ The matter of getting absolutely pure fatty acids for such quantitative 
experiments as are here described is not an easy one. We are under great 
obligation to the Department of Organic Manufactures of the University of 
Illinois for supplying us with splendid examples of the different fatty acids 
used in this study. In another portion of the work we used Kahlbaum’s ‘X ” 
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tralization of the necessary molar equivalents of acid with stand- 
ard aqueous sodium hydroxid and desiccated over sulphuric acid 
at 37° C. The remaining soaps were similarly prepared but dried 






I at 90° C., in a dry air oven, to constant weight, as determined by 

I heating a test fraction to 110° C. 

! The gelation capacity 'per gra'm of the sodium soaps of nine 

j different fatty acids of the acetic series in nine different mona- 

Brand chemicals. The fact that the fatty acids had different sources explains 
some of the slight variations in the numerical values obtained in different 
series of experiments. It should be noted, however, that the relative values 
i obtained were always gotten by using a single specimen. 
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tomic alcohols is shown photographically in Fig. 18 (A and B) 
and graphically in Figs. 19, 20, 21, 22, 23, 24, 25 and 26. The 
findings are compounded in Fig. 27. In each instance a given 
weight of soap had more and more of the various alcohols added 
to it while in a warm water or boiling water bath, until, upon 
reducing the temperature of the reaction mixture to 18° C., it 
would no longer set into a dry gel. The actual volumes that it 
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Figure 16 . 

was found possible to add, while still accomplishing this end are 
shown in Table XI. 

The tables, figures and graphs show that the tendency of the 
various soaps to yield lyophilic colloid systems grows (1) with the 
complexity of the soap in any given series and (2) with the complexity 
of the alcohol used in the system. The only exception in the acetic 
series is represented by margaric acid, but this may be explained 
either by the fact that it is an odd carbon atom acid or that it 
represents a eutectic mixture of stearic and palmitic acids. 
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The results in the ease of two Hoaps of iho ol(‘ic s(^ri(is (sodium 
cdeah* and sodiuin oru(‘ai<‘) with this scu’kis of alcohols a.r<^ sliowii 
photo^raphi<*alIy in th(‘ ui>per two rows of I<%. 28 and ^i;raplii (tally 
in Fi^s. 29 (A) and 30. 

llu* lH‘havi(H’ of sodiuin (daidate ((daidic. mtid hcdn^i; an isornctr 
olinc acid I is shown in tli(‘ Iow(‘nnost sttricts of boit-kts of Ki^. 28, 
and graphii^ally in Kig. 2!) (/i). 'VUn ^(‘lation (^apainty of this 
soap difT(*rs from that of sodium oIc‘a.i(‘ in that. I.lut nuixirnnl 
K(*lafk»n capacity is obtairuHl with an aktohol in i.lat middkt of 
tin* scri<»s. In gciuu-al all <.h(‘ f^idation (‘apaciti(ts Ii(‘ Ixdow tlm 
vaIu(»H ohtaiiaal witli sodium ol(^at(‘. 



FmmtK 17. 


The cxpcrifiicnial r(*suItH {'<m»rinK thrw thme soaps ant giv(m 
in Talik* XII. It is again appanuit in tin* okti(t H<*ri(W that the 
gfdalkui nipindbv imaeiiHcH with ihct ladglit (d tint alccdiol in tint 
scricH; wliik% when the crucaict is compared with the okuiU*, tint 
former liiis a highm* gelation capacity with a given ahtohol than 
tln^ latter, at leiisf., as far as the lowernnmt nnuidstrs arc (tonctcnniecL 
W(* w*cre not HiicceSHful eith<*r by direct or indin*ct means (through 
primary f4olu!ioii in inetiiy! jdcohol) to get gedaiitm valu,(‘H in tln^ 
liiglier alcohols above that for (4hyl alcohol. We cannot, how- 
ever, say at. tluH time %vhethi‘r tliis is a ne(»eHsarily correct finding, 
for our eriicic acid was not absolutely pure. 
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Figube 22. 
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Figure 28 . 
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The gelation capacity per grain of Hodiuni linolate in (lifTer(‘nt 
alcohols is shown photograpliically in Fig. 31 and graphically 
in Fig. 32. The graph is based upon values sliown in 'Fablci 

XIII. 



Fkjuhk 32 , 


If the gelation capacities of sodium linolatcj, sodium oleato 
and sodium stearate in the different alcohols are compared, rend- 
ing horizontally across the table, it will be noted that sodium 
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Unolate shows, on the whole, a lower value than sodium oleate 
and the latter a lower one than sodium stearate. 

It was noted in the making of these solutions of the soap in 
the different alcohols that the soap dissolved first in the lower 
members of the alcohol series and last in the uppermost. Upon 
lowering the temperature the gels formed first in the upper alco- 



Figxjke 33. 


hols and last in the lowest members of the series. It should be 
noted, too, that the solubility of sodium oleate in methyl alcohol 
is so high that slight variations in temperature are sufficient to 
cause the mixture, in the concentration here used, to pass from 
the opalescent gel to a clear solution, while a lowering of the 
temperature brings it back to the gel state. As we ascend to 



Figuee 34. 


the higher alcohols such temperature variations must be made 
increasingly larger to accomplish the same result. 

i). Monatomic Alcohols of the General Composition CnIInOH. 
Of the other monatomic alcohols which have been studied, benzyl 
alcohol yields beautiful soap jellies with the anhydrous soaps of 
both the acetic and oleic series, as shown in Figs. 33 and 34, as 
well as Tables XIV and XV which contain the actual experimental 
data. 
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Cinnamyl and allyl alcohols yield no gels with either of these 
two soap series. Sodium linolate yields no gel with benzyl 
alcohol nor with cinnamyl or allyl alcohol. 


3. Experiments with Diatomic Alcohols 

The solvation capacity of several .sodium soaps in two di- 
atomic alcohols, namely, trimethyleneglycol (1, 3 propandiol) 



Fjocre 35. 


and ethyleneglycol, was next studied. The n-sults for seven 
sodium soaps of the acetic seri(!s and thn^c; sfKlium maps of 



the oleic series with trimethyleneglycol are shown in Irigs. 
35 and 36, and Tables XVI an<i XVII, whicfi corttein the ex- 
perimental data. There is an obvious and large increase in 
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gelation capacity as we ascend the acetic series. Sodium oleate 
lies far below sodium stearate in its gelation capacity, while 
sodium linolate was found to yield no gel at all. Both Table 
XVII and Fig. 36 show that sodium erucate and sodium 
elaidate (the isomer of the oleate) have a lower gelation capacity 
in trimethyleneglycol than has sodium oleate, but, as noted 
above, we were not completely satisfied with the purity of our 
erucic acid. 



Figure 37. 


The results of some experiments with ethyleneglycol and some 
soaps of the acetic and oleic series are shown in Figs. 37 and 38. 
The actual experimental findings are again contained in Tables 
XVI and XVII. As apparent from the figures and the tables, 



Figube 38. 


only the higher members in each of the soap series will yield gels 
with ethyleneglycol, the lower members yielding only true solu- 
tions or crystalline deposits in the. cooled reaction mixtures. 
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4. Experiments with Triatomic Alcohols (Glycerin) 

' The solvation capacities of four sodium soaps of the acetic 
series and three sodium soaps of the oleic series with glycerin are 



Fiquke 39 


illustrated in Figs. 39 and 40 and Tables XVIII and XIX. Not 
only does the oleic series stand below the acetic, but in both series 
the gelation capacity falls rapidly from the high values obtained 
with the upper series to the low values in the case of the lower. 



Figtjbe 40,' 


Fig. 41 illustrates the system sodium linolate, with a diatomic 
or a triatomic alcohol. When these mixtures are heated to the 
temperature of a boiling water bath, “ solution ” occurs, but on 
cooling the mixtures to 18"^ C. no gelation follows, despite their 
high soap content (33.3 percent). We shall return later to 
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the of this phc^nonu^non on the p;ciuiral ilu^ory of 

gelation. 

Fig. 42 shows the rostdi of <lissolviug I grain of Hodiuin sicarai(‘ 
or sodium <jleate in 50 ev, <4’ allyl al(‘olioI at the t(unj)<u*aluro of 



FidUiiJB 41. 


l>oiling wafer ami tlmn (aioiing to 18^ C. At the higher tompc^ra- 
tiin* the Hoap disHolves to form a ‘‘ true solution as the temp- 
(U’Htiire falls, the soap !>eernneH insoluhle, but instead of forming 
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FiauiiK 42. 


a gel it drops out as a erystallinte mass. Theses experiincads sufiiee 
to hIicw tliiit not every soap solvent will yield a colloid system 
with f,i given f4(mp. We shall urn these facts later for their bear- 
ing uiK>n the general theory of colloids. 



64 


SOAPS AND PROTEINS 



TABLE X 

Gelation Capacities of Different Sodium Soaps 
WITH Ethyl Alcohol 


Soap. 

How prepared. 

Theoret. 
weight of 
dry soap 
(m. w. 
expressed 
in 

grams). 

Absolute 

amount 

ethyl 

alcohol 

absorbed 

(in 

liters). 

Percent 

of 

gelation 
alcohol 
at 18° C. 

Physical 

state 

at 

18° C. 

^diuin 

arachidate 

Arachidic acid dissolved in warm 
absolute alcohol and i normal 
NaOH added to it 

334 

27.5 

8233 

White gel 

Sodium 
* stearate 

Stearic acid dissolved in warm ab- 
solute alcohol and i normal 
NaOH added to it 

306 

21.0 

6863 

White gel 

Sodium 

margarate 

Margario acid dissolved in warm 
absolute alcohol and i normal 
NaOH added to it 

292 

19.0 

6507 

White gel 

Sodium 

palmitate 

Palmitic acid dissolved in warm 
absolute alcohol and J normal 
NaOH added to it 

278 

18.0 

Q475 

White gel 

Sodium 

myristate 

Myristic acid dissolved in warm 
absolute alcohol and ^ normal 
NaOH added to it 

250 

15.5 

6200 

White gel 

1 

Sodium 

laurate 

Laurie acid dissolved in warm ab- 
solute alcohol and § normal 
NaOH added to it - 

222 

13.5 

6081 

White gel 

Sodium 

caprate 

Capric acid dissolved in warm 
absolute alcohol and ^ normal 
NaOH added to it 

194 

12.0 

6185 

White gel 

Sodium 

caprylate 

Caprylic acid dissolved \n warm 
absolute alcohol and i normal 
NaOH added to it 

16G 

5.0 

3012 

White gel 

Sodium 

caproate 

Caproic acid dissolved in warm 
absolute alcohol and i normal 
NaOH added to it 

*138 

2.0 

1449 

White gel 

Sodium 

valerate 

Valeric acid dissolved in warm 
absolute alcohol and § normal 
NaOH added to it 

124 

No lyoph- 
i 1 i c 
proper- 
ties 


Crystalline 

precipitate 

Sodium 

butyrate 

Butyric acid dissolved in warm 
absolute alcohol and J normal 
NaOH added to it 

110 

1.0 

909 

White gel 
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TABLE X — Continued 


Soap. 

How prepared 

Theoret. 
weight of 
dry soap 
(m. w. 
expressed 
in 

grams) . 

Absolute 

amount 

ethyl 

alcohol 

absorbed. 

(in 

liters). 

Percent 

of 

gelation 
alcohol 
at 18° C. 

Physical 

state 

at 

18° C. 

Sodium. 

propionate 

Propionic acid dissolved in warm 
absolute alcohol and \ normal 
NaOH added to it 

96 

No 1 y 0 - 
philic 
proper- 
ties 


Sticky mix- 
ture, ulti- 
mately crys- 
talline 

Sodium 

acetate 

Acetic acid dissolved in warm abso- 
lute alcohol and ^ normal NaOH 
added to it 

82 

0.8(?) 

976 (?) 

White gel 

Sodium 

formate 

Formic acid dissolved in warm 
absolute alcohol and ^ normal 
NaOH added to it 

68 

Thick 
precipi- 
tate; no 
lyophil- 
ic prop- 
erties 

1 

1 

Crystalline 

precipitate 

Sodium 

oleate 

Oleic acid dissolved in warm abso- 
lute alcohol and h normal NaOH 
added to it 

304 

10.0 

3289 

White gel 

Sodium 

elaidate 

ElaXdic acid dissolved, in warm 
absolute alcohol and i normal 
NaOH added to it 

304 

3.8 

1250 

White gel 

Sodium 

erucate 

Erucic acid dissolved in warm abso- 
lute alcohol and 1 normal NaOH 
added to it 

360 

12.6 

3500 

White gel 





* The solubility of the higher soaps in the higher alcohols is so low that to obtain these figures we resorted to the expedient of first dissolving the 
soap in a measured volume of methyl alcohol, subsequently driving this off by keeping the mixture in a boiling water bath. 


TABLE XII 

Gelation Capacities in cc. per Gram of Various Sodium Soaps of The Oleic Series with Different Monatomic 
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j : TABLE XIV 

J |; Gelation Capacities in cc. per Gram of Various Sodium Soaps 

‘ }! of the Acetic Series with Benzyl Alcohol at 18° C. 


Values in parentheses indicate percent of soap in the gel. 


Soap. 

Benzyl. 

Sodium stearate 

no (0.90) 

Sodium palmitate 

90 (1 .09) 

Sodium myristate 

82^ (1.19) 

Sodium laurate 

75 (1.31) 

Sodium caprate 

67^ (1.46) 

Sodium caprylate 

60 (1 . 64) 

Sodium caproate 

40 (2.44) 


TABLE XV 

Gelation Capacities in cc. per Gram of Various Sodium Soaps 
OF the Oleic Series with Benzyl Alcohol at 18° C. 


Values in parentheses indicate percent of soap in the gel. 


Soap. 

Benzyl. 

Sodium erucate 

30 (3.23) 

50 (1.96) 

20 (4.76) 

Sodium oleate 

Sodium elaidate 



TABLE XVI 

Gelation Capacities in cc. per Gram of Various Sodium Soaps op 
the Acetic Series with Different Diatomic Alcohols at 18° C. 


Values in parentheses indicate percent of soap in the gel. 


Soap. 

Ethylene- 

glycol. 

Trimethylene- 

glycol. 

Sodium stearate 

80 (1.23) 

250 (0.39) 

Sodium palmitate 

40 (2.44) 

120 (0.83) 

Sodium myristate 

10 (9.09) 

80 (1 . 23) 

Sodium laurate 


40 (2.44) 

25 (3.84) 

Sodium caprate 


Sodium caprylate 


15 (6.25) 

Sodium caproate 


10 (9.09) 
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TABLE XVII 

Gelation Capacities im cc. per Gram of Various Sodium Soaps op 
THE Oleic Series with Different Diatomic Alcohols at 18° C. 

Values in parentheses indicate percent of soap in the gel. 


'I 

I 


Ml 

TABLE XVIII :: 

Gelation Capacities in cc. per Gram of Various Sodium Soaps 
op the Acetic Series with a Triatomic Alcohol at 18° C. 


i 


I, 

s 

I 


TABLE XIX 

Gelation Capacities in cc, per Gram of Various Sodium Soaps of the 
Oleic Series with a Triatomic Alcohol at 18° C. 


\ 

I 

I 

: 

4 I 

i 

I ' 

1 • 


Values in parentheses indicate percent of soap in the gel. 


Soap. 

Glycerin. 

Sodium erucate 

30 (3.23) 

20 (4.76) 

18 (5.26) 



Sofiiiixn. cl si ' 



Values in parentheses indicate percent of soap in the gel. 


Soap. 

Glycerin. 


150 (0.66) 

50 (1.96) 

15 (6.25) 

8 (11.11) 

Sodium palmitate 

Sodium fnyristflrt*^ 

Sodium laurate 



Soap. 

Ethylene- 

glycol. 

Trimethylene- 

glycol. 

Sodium erucate 

Sodium oleate 

Sodium elaidate 

30 (3.23) 

30 (3.23) 

60 (1.64) 

15 (6.25) 
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IV 

THE SYSTEM SOAP/X. COLLOID SOAPS IN OTHER 
NON-AQUEOUS “SOLVENTS” 

It is of importance for the theory of the lyophilic soap colloids 
in particular, and of lyophilic colloids in general, to see how much 



.Si^*t** 


1 ] 

■ 


Figube 43. 






further the composition of these systems may be broadened and 
still yield the definitely colloid systems under discussion. The 
soaps form admirable materials for such a study, for, as already 
observed, they yield colloid systems not only with water and the 
various monatomic, diatomic and triatomic alcohols but also | 

with many other liquid solvents.’^ j 

Some colloid systems of the general composition soap/x are J 

illustrated in Fig. 43. Here sodium stearate and sodium oleate I 
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are seen to yield gels with turpentine, gasoline, benzene, toluene, 
chloroform and carbon tetrachlorid. The list of solvents ” 
which yield such results can be further lengthened as shown in 
Figs. 44, 45 and 46 by observing that meta-, ortho- and para- 
xylene, diethyl and butyl ethers, benzaldehyd and paraldehyd, 
turpentine, limonene, pinene, gasoline, heptane, ethyl oenan- 
thate, amyl acetate and triacetin all yield satisfactory results. 
The experimental details covering Fig. 43 are contained in Table 
XX; those covering Figs. 44, 45 and 46 in Table XXL It 



Figure 44. 


should be noted that the gelation capacities of Table XX are 
the maximal values; in the rest of the series we contented our- 
selves with the mere finding that lyophilic colloid systems could 
be produced from the soaps and solvents ” chosen for study. 

These findings indicate that a large variety of different “ sol- 
vents may all yield lyophilic colloid systems, even though there 
is little chemical relationship between the members of the various 
groups studied. What this means for the general theory of the 
lyophilic colloid state is now to be discussed. 





' Figuiie 46 . 
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TABLE XX 

Gelation Capacities in cc. per Gram op Various Sodium Soaps 
WITH Different Non- aqueous Solvents at 18° C. 

Values in parentheses indicate percent of soap in the gel. 


Soap. 

Turpentine. 

Gasoline. 

Benzene. 

Toluene. 

Chloroform. 

Carbon 

tetrachlorid. 

Sodium stearato 
Sodium oleate. . 

3.8 (20.8) 
3.0 (25.0) 

3.2 (23.8) 
4.0 (20.0) 

3.0 (25.0) 
3.0 (25.0) 

6.0 (14.3) 

3.0 (25.0) 

1 

3.6 (21.8) 
3.0 (21.8) 

6.4 (13.5) 
5.0 (16.7) 


TABLE XXI 

Gelation Capacities (Not Maximal) in cc. per Gram of Sodium 
Stearate with Different Non-aqueous Solvents at 18° C. 


Values in parenthe.ses indicate percent of soap in the gel. 


*M-xylene 

4.0 (20.0) 

*G-xylene 

4.0 (20.0) 

*P-xyIene 

4.0 (20.0) 

Diethyl ether 

2.0 (33.3) 

*Butyl ether 

4.0 (20.0) 

*Benzaldehyd 

4.0 (20.0) 

*Paraldehyd ; 

4.0 (20.0) 

Turpentine i 

3.0 (26.0) 

*Limonene 

4.0 (20.0) 

*Pinene 

4.0 (20.0) 

Gasoline 

3.0 (26.0) 

*Heptane 

4.0 (20.0) 

'“Ethyl cenanthate 

4.0 (20.0) 

*Amyl aeetate 

4.0 (20.0) 

*Tnacetin 

4.0 (20,0) 


*Because of the slight “solubility” of the soaps in those solvents at the temperature of 
a boiling water bath, this was increased through addition of a small, measured volume 
of methyl alcohol which was then completely evaporated from the mixture before the 
system was cooled to 18° C, 
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V 

ON THE GENERAL THEORY OF THE LYOPHILIC COLLOIDS 

1. Historical and Critical Remarks 

The experiments detailed above on soap/ water, soap/alcohol 
and soap/a: systems help, we think, towards a better understand- 
ing of a number of technological, physico-chemical and biological 
problems. We wish first to comment upon their value for a 
closer definition of the terms hydrophilic or lyophilic colloid} In 
spite of the fact that we now recognize the existence of material 
in the colloid state and utilize its many important properties 
for the solution of technological or scientific phenomena, it is 
nevertheless true that an entirely satisfactory or complete defini- 
tion of what constitutes the colloid state is not yet at hand. 

Perhaps the best established and most universal character- 
ization of the colloids is that which defines them as diphasic or 
polyphasic systems in which one material is subdivided into a 
second with the degree of subdivision coarser than molecular 
and not so coarse as to fall within the limits of microscopic visi- 
bility. From the three states of matter, gaseous, liquid and 
solid, it is obvious, as first clearly developed by Wolfgang 
OsTWALD,^ that nine combinations consisting of the colloid dis- 
persion of any one of these materials in any second are possible. 
These may be tabulated as follows: 


ga8 in gaa liquid in gaa (steam) solid in gas (smoke) 


gas in liquid (charged 

liquid in liquid (fine eraul- 

solid in liquid (metallic gold in 

water) 

sion) 

water) 

gas in solid (meerschaum) 

liquid in solid (opal) 

solid in solid (gold ruby glass) 


Of the nine possible combinations eight have been realized (the 
colloid dispersion of one gas in a second being impossible). 

1 Martin H. Fischer and Marian ,0. Hooker: Science, 48, 143 (1918); 
ibid., 49, 615 (1919); Chem. Engineer, 27, 184 (1919).’ 

2 Wolfgang Ostwald: Kolloid-Zeitschr., 1,291,331 (1907); Theoretical 
and Applied Colloid Chemistry, translated by Martin H. Fischer, 42 , New 
York (1917); Handbook of Colloid Chemistry, 2nd English Ed., translated 
by Martin H. Fischer, 43, 49, Philadelphia (1918). 
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Of these dispersoids, the ones of greatest interest in con- 
nection with the behavior of the soaps are those embraced within 
the heavy black square, in other words, those which have the 
composition liquid plus liquid or liquid plus solid. According 
to OsTWALD, the former are the emulsion colloids, the latter the 
suspension colloids; or, to adopt the terminology of P. P. von 
Weimarn, they are the emulsoids and the suspensoids. 

The attempt has been made to correlate the physical properties 
of each of these systems with the fact that the two phases have, 
in the first instance, a liquid plus liquid composition, or, in the 
second, a liquid plus solid composition. In the group of the 
first are found many of the “ viscous, gelatinizing and not readily 
coagulable colloid solutions of A. A. Noyes,^ or the hydro- 
philic or lyophilic colloids of J. Perrin ^ and H. Freundlich;^ 
in the second are the non-viscous, non-gelatinizing, readily 
coagulable colloid suspensions of Noyes or the hydrophobic 
or lyophobic colloids of Perrin and Freundlich. The cor- 
relation between the physical state of the phases and the prop- 
erties of the mixed systems is not enough, however, to characterize 
them completely. Liquid mercury in water for example yields 
only a suspension colloid, and the same is true of (liquid) oil in 
water; on the other hand, (soHd) ferric hydroxid, generally ranked 
among the suspension colloids, has distinctly hydrophilic proper- 
ties in high concentration in water. 

Such weaknesses in the attempts to make the term lyophilic 
colloid synonymous with emulsion colloid and lyophobic colloid 
with suspension colloid were recognized by Wolfgang Ostwald^ 
himself, and in consequence the effort was made by him to 
overcome such objection by declaring the lyophilic colloids 
‘‘colloids of a higher -order.” Specifically he assumed that 
emulsion colloids were not “merely ” subdivisions of one liquid 
in a second, but that each of the liquid phases was itself a dis- 
persoid. We shall see below that this view is correct. 

It seems to us that the characteristic difference between lyophilic 
and lyophobic colloids is not to be sought in their liquid plus liquid 
or liquid plus solid character but in the fact that the phases are either 

^ A. A. Noyes: Jour. Am. Chem. Soc., 27, 85 (1905). 

2 J. Perrin: Journal de Chimie physique, 3, 84 (1905). 

3H. Freundlich: Kolloid-Zeitschr., 3, 80 (1908); Kapillarchemie, 309, 
Leipzig (1909) . 

^Wolfgang Ostwald: Kolloid-Zeitschr., 11, 230 (1912). 
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mutually soluble or not, (Liquid) water and (liquid) oil yield 
only lyophobic colloids (suspension colloids in the old ter- 
minology) because the two phases are mutually insoluble, but 
(liquid) water and soap (whether liquid or solid) yield lyophilic 
colloids (emulsion colloids in the old terminology) because their 
mutual solubility is high. 

The importance of mutual solubility for the understanding 
of some of the phenomena characteristic of colloids was drawn 
upon some years ago by W. B. Hardy.^ Hardy used the concept 
of mutual solution to explain the physical phenomena encountered 
in the gelation of protein-water-salt mixtures, but owing to the 
objection that the phases did not show the constant chemical 
composition demanded by theory, this important idea seems to 
have been largely dropped. For reasons which become apparent 
as we proceed, this objection is not valid, and it seems possible 
to make a fairly inclusive analysis of what we mean by hydro- 
philic colloids and the changes in their states, as soon as we add 
to the concepts of mutual dispersion in degrees coarser than 
molecular and mutual solubility of the phases a third important 
point, namely, that of the enormous increase in viscosity observed 
whenever two liquids or a liquid and a solid, themselves possessed 
of low viscosity, are subdivided into each other. 

To make the last of these points clear, it is only necessary 
to introduce the example of Wolfgang Ostwald, of water and 
dry sand, and the observations of J. Friedlander and V. Roth- 
mund on the viscosity of mutually soluble liquids in the zone 
of their critical temperature. While dry sand runs ” easily 
and the viscosity of pure water is relatively low, wet sand may 
be readily molded and hold its shape. The example of the mutu- 
ally soluble system phenol/water (which is considered particularly 
apt in the matter of understanding the colloid behavior of soap/ 
water systems) is shown in Fig. 47. The bottle on the extreme 
left contains only phenol (which at C. is a crystalline mass 
like any “ pure soap at a proper temperature). The succeed- 
ing bottles contain the same weight of phenol, plus gradually 
increasing amounts of water. As more and more water is added 
the phenol fails to crystallize; up to and including the sixth bottle 
from the left, only.l‘ solutions ” are obtained, but these are solu- 

W. B. Hardy: Jour. Physiol., 24, 158 (1899) ; Zeitschr. f. physik. Chem., 
33,326 (1900). 




68 


SOAPS AND PROTEINS 


tions of water in phenol. The seventh bottle shows two layers — 
below, one of phenol saturated with water; above, a solution of 
phenol in water. With further additions of water the latter type 
of solution grows at the expense of the former, until finally, in 
the bottle second from the extreme right of the series nothing 
but a solution of phenol in water remains.^ 

Of importance for our further discussion is, first, the existence 
of the two types of solution, that of waterdn-phenol and that of 
phenol-in-water. The physical constants of these two solutions 
are totally different and they behave differently, too, toward 
changes in external conditions like temperature or the effects 
of added substances (acids, bases, salts, indicators, etc.). A 
second point of importance is the behavior of such a system as 
is represented in the fourth or fifth bottle from the right when 
subjected to increases or decreases in temperature. When the 
temperature is raised the watered -phenol phase goes over and into 
solution in the phenolated-water phase. It is characteristic of 
liquids, when their temperature is being lowered, to show a pro- 
gressive increase in viscosity. The warmed solution of phenol- 
in-water also shows such a progressive increase in viscosity as 
its temperature is lowered, but, as first noted by Frieblander 
and Rothmund, this progressive increase shows a sharp break 
upon reaching the critical temperature, at which the phenol 
begins to separate out. 

This break expresses itself as a sharp rise in viscosity, which 
increases for a time and then falls off again, so that with further 
lowering of temperature a viscosity curve more like the original 
“ normal is again obtained. 

We are indebted to Wolfgang Ostwald for pointing out 
that, in this critical zone during which the phenol/water system 
is opalescent, we are in reality dealing with a colloid system (con- 
sisting of watered-phenol dispersed in phenolated-water). 

1 In analogy to what happens in the “ salting-out of soaps, which is the 
subject of Section X (page 93), it is well to explain the nature of the con- 
tents of this right-hand bottle in the series. This was originally nothing but 
a solution of phenol in water, but through the addition of ordinary table salt 
the phenol was “salted ouf so that now a phenol phase with some water 
dissolved in it (analogous to the salted-out soap of the manufacturer) is seen 
floating at the surface of the liquid in the bottle. 
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2. On the Theory of Soap Gels 

It is OUT 'purpose now to show that the behavior of the soap/ water ^ 
soap /alcohol and soap/x systems previously discussed is also best 
understood in the terms of the submolecular dispersion into each 
other of two materials possessed of a fair degree of mutual solubility} 

When one tries to state in the simplest possible terms what it 
is that happens when a definite mixture of soap with some solvent 
(like soap and water), which at the temperature of boiling water 
is a mobile liquid, is seen to set into a dry, solid mass as its temp- 
erature is reduced, it seems easiest to think of the whole as a 
change from what is, at the higher temperature, essentially a 
solution of soap in water to that which is, at the lower temperature, 
a solution of water in soap. Between these extremes and as 
determined by the temperature and by the relative concentra- 
tions of soap and of water, we get various mixtures of solvated- 
soap in soap-water or of soap-water in solvated-soap. The situa- 
tion in the case of the soaps in the presence of limited volumes of 
water is identical, in other words, with the changes which may 
.be seen in mutually soluble systems of the type phenol/water, 
ether/water or protein/water as studied by J. Friedlander, 
V. Rothmund, W. B. Hardy and their various followers. 

Turning first to a study of the mechanism employed for the 
production of these colloid soap systems, it is evident that they 
are formed for the most part by dissolving a unit weight of 
soap in a definite volume of water at a rather high temperature. 
In the accepted parlance, it may be said that through increase in 
temperature the solubility of the soap in the water is tremen- 
dously increased. While the lower soaps of the acetic acid series 
are readily soluble in water (even at relatively low temperatures), 
the upper members behave like the lower members if the tempera- 
ture is raised. The soap goes into solution in the water. The 
truth of this assertion is indicated by the available physico- 

1 We are not unaware that the concept “solution’^ needs itself to be defined. 
While the field of “solution'' constitutes slippery ground, we accept, for 
pragmatic reasons, as characteristic of the “true" solution, the teachings of 
Wolfgang Ostwald and P. P. von Weimarn, who define such solutions as 
dispersions of A in R with the degree of subdivision measurable in molecular 
or smaller values. To express the matter in the terms of A. P. Mathews, 
we may say that A is dissolved in R or vice versa when the solvent has over- 
come the cohesive forces of the dissolved substances. As Mathews has 
shown, the forces of cohesion operate within molecular dimensions. 
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chemical observa- 
tions which show 
that the lower soaps 
behave normally 
even at relatively 
low temperatures; 
but all the soaps, 
even the higher ones, 
tend to behave os- 
motically, electric- 
ally, optically, etc., 
as so-called true ’’ 
solutions when their 
temperature is suffi- 
ciently raised 
(Krafft). 

To illustrate the 
matter in crude 
fashion and more 
particularly for any 
of the higher soaps 
(which experiment 
has shown to be 
particularly favor- 
able for the produc- 
tion of “ colloids '0 
and to illustrate the 
effects of a lowering 
of temperature, Figs. 
48 and 49 are intro- 
duced. Fig. 48 shows 
the results if the 
separating phase has 
a liquid character; 
Fig. 49, if it is solid 
or crystalline. The 
diagrams are sup- 
posed to show the 
results when two 
mutually soluble 


SOAP IN WATER 



WATER IN SOAP 


Figure 48 . 


'I'iiK of soaps 



SOAP IN WATER 




SiB5}l»''H 


WATER IN SOAP 


Fiiiiim 4§. 


Hul)Htan(;(^H, like A 
and /^, (waiiir atul 
soap, or alcohol and 
Hoap) arc inixc^I to- 
g(diher. Wlu^n B (or 
th<^ Hoap) in nutdily 
Holuhh^ in A and the 
con(^(*ntration is ri|i;hi- 
ly (dio.s(;n, then^ n'Hultn 
a true Holntion at t.h<^ 
higher t(^rup(‘ratur(‘. 
Thin rnatk‘r Is n^pnv 
Bent<*.d hy th<‘, n‘gion 
inarktid A in the dia,- 
grains (the. soap is 
diHp(^rH(‘d rn(d(uailarly 
or ionieally in the 
Holv(nit). low<‘r- 

rnost ni(anh(n*H of th(^ 
fatty acid H(a’i(‘H form 
syshnns of Huh type 
only, (vv(in at n^lativc’s™ 
ly low t<unp(n*atureH, 
but the, nHanb(‘rH 
highi»r in the. Hcrit^s 
form Bueh HystcmiH 
only at th<». higher 
t^unperaturcH. The 
soap manufacturer 
wh<i rnakcB his prod« 
uci by ** bcaling/' 
in esHcnc^e inaken his 
jW)ii,pH in Hueh true 
Bolution. 

WhfithappenH now 
when the* t4un{H‘rai.ure 
is lowe.red? Tin* Kohi- 
bility (»f the soap in 
the waiter is obvicaw- 
ly de.erc*iim;d. Ah the 


72 


satoatinn I'Kniit ih niUnw^^l tin' --hp i.uPrl*- :., 
molmikr nhv hut m^nr fh;in iiiik-rii!;*! .-i;r l\. 

then*fcm% we appmarh wifii falling u-Uiin-t:%uit»- »».. m »J,!!„ »i! m,i- 
colloitk, or that of m! t^n*' uin^^-trA ns ■’. i '.uM* 

Viegre<M)f (lk|Ha>ioii hhowini^ *h.4h 4t 

The gradtm! inm-dH* in i\w i^\/r ^4 fh- p:u'f i-'lr--' 

in their nuinlHTl with tn»-^ i- tr-ptrn*-ii*r4 

by the regiouH HJ \ IK E aiel /'* m tie' 

Thtis far wa* have e\plain*^4 ne-O'lv fie' pt-*.4'e r*4hq4 

gynton by the tinlinary ftrttte-'H.H nf bi'iiiKoa: 
and an agglnmernliuii t»f partiejr^ ptr^P^n^4% 

[KfrHecI. It in obvintiH that agiih>rnr?-if„i*'!'i iniiv m*'I 4 
a lyophobie for Hi>ea!!i*f! rullriej • a !v*'i|iiaie' nf 

HO-<’lill(Hl ennilgion enlhadt. fhr rrfli^Kil *ihr-n Ihf 

mlvnd W md miluhU in Ihr pf^)inM%n^ phv^f , thr hs^*ph4u f.4hn4 
whm the mlrmi m mtluhU in th- pf^afnl^ii-n’i^ ph^-t^f %%'lirii H*^r%p 
fallg out of i*^*Intioii irtnu hi«’'!i h an ;4I4 :4*'*4.i*4 fh*- h*tturt 

of thene poggibiliiieN ii«i reiili/r4, whro it eep m % -ifrT, :%h Mht4, 
toluene, !Hii/4*ite. rte.,, the liiftri trnh?*'4 11*** ITe.4t if4«'n la 
the diagram of Fig. -IH or ihe bho'l* iii | ig l*i 

repreneiit more thi’rfdor*^ m th»* hilt#*r m^ianei* '!je.iii a io«‘fr pir- 
cipitaie of pun* Hift|*. they afe usieeioi *4 il^e 

water, aleolml or <jfhi*r " '^^olvnii ’* deH^#ti%e4 ni itirin 

At a giillieiently low tiiii|i#*rnt.tjfr Ih*' w^iip mill 

heeoitie wi liirgt* or mtiurroie^ l#eirh and jf 

proeegg eoniiiiiiei^ fo a i^ulheieiil e%irtil th*- m^frm will iiilitiintidy 
repremuit, in nothing tail ^^np in wliirh ihr pfr*,'|r<i|?^ 

solvent liJig di^^fwdvi^l. The^ ^'ininiiofi in 

diagraiiiiriiitieiilly by the /^>ne ^ of Fii?^ -1'^ atei -1*1. 

A atiidy of Figi^. *IH niid -I!-* diow:^, lit^w-ever.. tint tlie 

upper aKtreitie C4| of ii «4ution r4 thr ^rfip tti tlir iwdvrni wel ilie 

* Wfule aofdieil* ''tlieiar 4 *«*«!' 

of ery«t4illimtaai l*»ih #f«“ in^lo4**«l IIIkI*- mr. hmr i,« 

drf«iri! to %tp$U Ihr fi«*i4» «t mr frrl 

eenifwllf^l t^i ftir ifws %lwn%n <l*.riu»^r4i i Itpi^frin 

nelverit awl fllWtilvied la «|*»5- rl!r*-« p 

laril^ly twl Wghl of, h*»Wr¥rr, **l Ihr l^tgt ^4 *hr p-vitr 

uni vent/’ tlie pirit|'i#‘>rtt<w of whirli ihm !*»* 0,r 

ayatfiai, ’'flie iiriion tirt«fr»*a wiib'etii «ii*l ,1 f,rc^i f,*4 

over, \m of one kirifl fifily Wfirti pliHe4 ••^in '> i.r >* ,|r - I 

I'Miiweea the two » ae«*tfipli®lp*l; when wntrt 4 ihr. 

mtbn k i totally difirwl «»§. 


THE COLLOID-CHEMISTRY OF SOAPS 


73 


lower extreme (Z) of a solution of the solvent in the soap, there 
exist two main zones of mixed systems, one below the upper (jB, 
Cy D and E) consisting of a dispersion of solvated-soap in the 
soaped-solvent, and a second above the lower (Y, X, W and V) 
consisting of soaped-solvent in the solvated-soap. These two 
mixed systems are in essence emulsions '^’ (if both phases are 
hquid) or suspensions ” (if at least one phase is solid) but of 
opposite types; and as such (even when of the same quantitative 
chemical constitution) are possessed of totally different physical 
properties. The former corresponds, for example, to an emulsion 
of oil-in-water or a suspension of quartz-in-water; the second to 
an emulsion of water-in-oil or a system of water-in-quartz. And 
as the former (as illustrated by milk) will mix with water, wet 
paper and show a certain viscosity value, the latter (as illustrated 
by butter) will mix only with oil, will grease paper and show an 
entirely different viscosity.^ 

Returning to the lyophilic soaps and the diagram, it is obvious 
that as we descend, with lowering of temperature, from the region 
A, we pass, in the regions B, C and D, through increasingly viscid 
liquid colloid solutions,^’ but all of them emulsions or suspen- 
sions of the type solvated-soap in soaped-solvent. In the region 
Ey the particles of solvated soap almost touch, and here the highest 
(liquid) viscosity is obtained. In F they do touch and now form 
a continuous external phase. At this point we change to the 
opposite type of emulsion or suspension — the previously liquid 
colloid becomes solid, or, as we say, it gels. As we shall show 
later ^ the two types of system not only have different physical 
constants but behave differently toward such added materials as 
indicators. 

1 See in this connection Martin H. Fischer and Marian 0. Hooker 
Science, 43, 468 (1916); Martin H. Fischer: Fats and Fatty Degeneration, 
20, New York (1917). 

2 See page 77; also Martin H. Fischer: Science, 49, 615 (1919); 
Chem. Engineer, 27, 271 (1919). 
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a lowering of temperatare from a higher level. The gel first 
shows signs of liquefaction where the soaped-solvent particles 
begin, to touch and thus to form the external phase, as in the 
regions V or t7. It is for these reasons that the region oj greatest 
ambiguity and of greatest hysteresis is found in the broken middle 
portions of the diagram (D, E, F and TT, F, U). Just as long 
periods of time are required to make solution phenomena attain 
their final values, just so must mutually soluble systems subjected 
to changes in their environment be expected to come only slowly 
into a state of their final equilibrium. 

2. Some years ago we showed, in the case of gelatin/ that 
the swelling ” of this substance and its liquefaction are not 
identical processes and that the latter is not a mere continuation 
of the former. When ordinary gelatin is thrown into water, 
it swells up somewhat, but the amount of this swelling is enor- 
mously increased if a little acid is added to the water. If lique- 
faction were a mere continuation of this swelling, then the addition 
of a little acid to a gelatin near its gelation point ought to make 
it set. As a matter of fact, not only does this not happen, but 
the addition of such acid to a previously solid gelatin makes it 
liquefy. As maintained at that time, an increased swelling 
was declared to be an increased capacity for taking up the solvent; 
an increased tendency to liquefy, the expression of an increase 
in the degree of dispersion of the colloid material. 

The concept of the lyophilic colloid as here developed now 
permits us to state more clearly just what each of these views 
embraces. Increased swelling due to increase in hydration or 
solvation capacity means increased solubility of the solvent in 
the dispersed substance. When acid is added to gelatin (thus 
forming an acid gelatinate) water is more soluble in the newly 
formed material than in the neutral gelatin. Acid is therefore 
said to increase the swelling of protein. But an acid proteinate is 
also more soluble in water than is the neutral protein. If the 
concentration of the system is properly chosen, the addition of 
acid will therefore make a gelatin/ water system, solid by itself, 
tend to remain in solution ’’ or, as more generally stated, the 
gelatin fails to '^set Expressed the other way about, the presence 

SMARTIN' H. Fischer: Science, 42, 223 (1915); Martin H. Fischer 
and Marian O. Hooker: ibid., 46, 189 (1917); Jour. Am. Chem. Soe., 46, 
272 (1918); ibid., 40, 292 (1918); ibid., 40, 303 (1918). 
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of acid makes the gelatin liquefy'^ or go into solution/^ Using 
Figs. 48 and 49 to illustrate what has been said, the addition of 
acid to a previously solid gelatin moves the whole system from 
some such lower region as Y, X, or W into one of the upper 
zones like V or U. 

3. Throughout the experiments described in the previous 
sections we have used the formation of a dry gel as the measure 
of the “ gelation capacity of a colloid. We may now attempt 
to say just what this means. It obviously includes more than 
the term solvation capacity. The latter measures the solubility 
of the solvent in the colloid material and is synonymous with the 
swelling capacity. Gelation, however, includes not only this 
value but more — ^namely, everything embraced within the region 
of the emulsification or enmeshing of a “ solution of the colloid 
material in the solvent, within the solvated colloid as an external 
“ dry ” phase. It embraces everything in Figs. 48 and 49 up 
to and including the zone V. 

4. Just above this region it is apparent that the more solid 
phase may no longer be adequate to enclose all the “ solution 
of colloid in solvent. When this upper region is reached the 
colloid system tends to sweat — or to use the term of Thomas 
Graham the gel shows syneresisJ' We may still have before 
us a gel, but it is now no longer dry.’^ 

When the dispersion of a liquid in an enveloping phase which 
is also a liquid is compared with the dispersion of a liquid in a 
more solid (crystalline) phase, (as indicated in the zones V of 
Figs. 48 and 49) it is clear that the tendency to ^'leak'^ the 
liquid phase is greater and is more likely to occur early in the 
case of the latter system than in the former. It is for this 
reason that the more solid gels regularly show earlier and 
greater syneresis than the more elastic ” or liquid gels. 

To go sufficiently above the region XJ is to be in the regions 
E and D. We now no longer say that there is syneresis or that 
this has become excessive but we say that the gel has gone into 
or persists in the sol state. 

5. As a final word we should like to emphasize the fact that the 
concept of the lyophilic colloid as oidlimd here sets no limitations upon 
the nature of the materials that may make up such a system and 
makes no specifications as to the nature of the forces which guarantee 
the stability of the colloid system. They are in general any or all 
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the forces which appear in or are operative in solutions of the 
most varied kinds. This is emphasized because there has been 
much written, for example, regarding the all-important effects 
of the electrical charges in determining the stability of colloids 
in general and of the lyophilic colloids in particular. We do 
not wish to deny the importance of this factor in some colloid 
systems or under certain conditions, but it is too narrow a view 
to take of what constitutes the lyophilic colloids in general. While 
the play of electrical forces may be apparent in systems composed 
of soaps and water, in those of proteins and water, etc., lyophilic 
colloid systems may be built up, as illustrated in the preced- 
ing pages, of materials in which the electrical factors are either 
negligible or absent entirely. It will prove somewhat difficult, 
to say the least, to conjure up orthodox electrical notions in 
systems containing nothing but soaps with anhydrous alcohol, 
toluene, benzene, chloroform or ether. 


VII 

ON THE REACTION OF SOAPS TO INDICATORS 

In order to get ground materials of strictly reproducible type 
for the observations on soaps detailed in the preceding pages, 
we followed the expedient of producing neutral soaps by 
simply adding to each other the necessary gram equivalents of 
highly purified fatty acids and carefully standardized solutions 
of alkali. We found that this method yielded more satisfactory 
results than that of others who tried to obtain neutral,” slightly 
alkaline ” or slightly acid ” soaps by adding to each other fatty 
acid and standard alkali until some chosen indicator was pre- 
sumed to show the mixture neutral, alkaline or acid. As the next 
paragraphs will show, such indicator methods as ordinarily 
employed are highly fallacious. As a matter of fact the errors 
incident to the approach to the problem by the latter method 
have long been familiar to the practical soap chemists, for they 
have for decades past determined the presence of free alkali ” 
or free fatty acid ” in their soaps by indirect methods. The 
following observations not only show how unreliable are the 
commonly employed indicator methods but why they must be so, 
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not only in the specific instance of the different soaps hut in all 
similar colloid-chemical systems as represented by the naost varied 
types of chemical reaction encountered in technological practice and 
in hving cells under physiological and pathological circumstances.^ 
Incidentally they also bring proof for the theoretical views devel- 
oped above, according to which the system, soap-dissolved-in 
solvent is something totally different from the system, solvent- 
dissolved-in-soap. 


§1 

Our fundamental conclusion may be stated thus: When a 
“ neutral ” soap has been produced through combination of the 
necessary gram equivalents of pure fatty acid with standard alkali, 
it is either acid, neutral or alkaline to such an indicator as phenol- 
phthalein, depending upon the concentration of the water in the 
system. 

For purposes of illustration we may choose the behavior of a 
rather concentrated solution of sodium oleate, as one made hf 
combining one mol of fatty acid with one liter of normal sodium 
hydroxid solution (practically a molar or 30 percent “ solution 
of the soap in water). Phenolphthalein added to such a concen- 
trated sodium oleate/water system remains colorless, as shown 
in the lower portions of the test tube of Fig. 50. As soon, how- 
ever, as water is added to this colorless mixture it begins to turn 
pink, and, with increasing dilution of the soap, becomes bright 
red, as evidenced in the upper portion of the tube in Fig. 50. 

What has been said of sodium oleate is true in general of all 
the soaps (excepting such very low members as the formates, 
acetates, etc.) though for demonstration purposes the higher 
fatty acid soaps with their lower solubility in water are better 
than the soaps of the lowermost members in any fatty acid series. 
An indicator (like phenolphthalein) added to a chemically neutral 
sodium palmitate or sodium stearate/water system (either a solid 

^ It may be well to emphasize here that normal cells are essentially sys- 
tems of water-dissolved-in-protein. Indicators are therefore trickiest when 
applied to these systems. In disease the affected cells suffer changes which 
ohen are in the direction of 'Hrue'^ solution, in other words, the cells tend to 
develop into systems of the type, protoplasm-dissolved-in-water. Indicator 
methods become more reliable as this happens but only for those portions of 
the cell which are of this solution type. See the later pages of this 

volume. 
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III an at!* nsj(t to an;dy/i- tho lallor. (lii.y ; 

n.-i-d not ia- aiod at.- i.oi .,0 applirahl,. p, 

Jh< foi Jo.-r, I j„. ..o r-dird ''>lO^»•nfmt^•d.«t.,•^JI 

'• .oj.itioi,.. ■' an* «-'.«otial!v w.Jtiiioio t.f iho 

olvi i,! in sh.. ..oaji ivhilf th«. Iiiorr dllllfo hloi 10; Ml 

on.-, ajr .0, ..t.-n,.. of th,- ojijKoifo fv}M-. nn.i 

Itho noi la n.na! o.i-thMi.. ao.l fho lawn yovrininK diluto aohdion.H 

IllliV ?ldr|rf##|f upl4u‘*l filtiv tit liii* 

1 ho . oro-i of Ui,-..o varioio d«-dn.-tiont. 10, av ff.,,(,.d l,v 

thi- of mi.-h an in-in ator a« |,h..|io|,,l,f hnl.-in ii,H.n ^-.olid Konj, 
y. |'. s%h). lo aa |,r. vio,o!v *-»ni,ha,!.iz.ii, iviir.-aont inixiMl .HyNl,.i„„ of 
■o-tK .»at.-r ,n -.ohd. .■oJva).-d...4,u,,. If Kli.-nolpidh.-ilfin in iipjili..,! 
‘in-i.t,-, to El tf.-di w.i)oii of xihIiuki .^ouruti-. for oxanipii-, Ihn 
frain. ivoih of ih,. yo-l ot},.T id,.- vv.Hl^-i-in.Koujt {toil ion 
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of the system) remains uncolored while the contents of this frame- 
work (the soap-in-water portion) turns bright red. A drop of 
phenolphthalein solution dropped upon a 10 percent sodium 
stearate/water gel remains uncolored. If, however, the gel is 
slightly squeezed (which breaks the encircling hydrated sodium 
stearate film and squeezes out the enclosed solution of soap-in- 
water) the spot turns bright-red. Any other solid soap/ water 
system behaves in similar fashion. 

Another variant of the experiment may be made by warming 
a concentrated sodium oleate or other soap solution which at 
ordinary temperature fails to color to phenolphthalein. Such a 
mixture, on being warmed, turns pink. While it is ordinarily 
said that under such circumstances the hydrolysis of the soap is 
increased, it is equally true that such a temperature change marks 
a displacement in the system from a solution of the solvent in the 
soap to one of the soap in the solvent. 

To make sure, for experimental purposes, of definitely acid 
or “ alkaline ” soaps we have added to our chemically “ neutral 
soaps (like molar sodium oleate) known and large surpluses of free 
fatty acid or alkali. When free fatty acid is added it emulsifies 
readily in the soap, yielding a mixture more viscid than the origi- 
nal soap gel ^nd practically as transparent as the original sodium 
oleate. Phenolphthalein added to the mixture remains colorless. 
Still, when water is added to such an obviously acid soap, 
the mixture turns pink or bright red as the added water is 
increased. The opposite type of experiment may be made by 
adding an excess of sodium hydroxid to the sodium oleate. 
Under such circumstances the mixture may assume a pinkish 
tinge, but this is because the excess of sodium hydroxid is hydrated 
and separates out in emulsified form in the chemically “ neutral 
sodium oleate.^ It is not the hydrated soap but the hydrated 
sodium hydroxid which turns pink. When instead of sodium 
hydroxid, sodium chlorid is used, such pinking of the system does 
not follow. Hydration of the neutral salt occurs and the mixture 
becomes more viscid, just as when sodium hydroxid is added, but 
since sodium chlorid is neutral and since the soap is not soluble in 
the salt-water no change in the color of the indicator becomes 
manifest. 

^ See page 93 on the salting out of soaps. 
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§2 

We emphasize these points because in technological practice 
it is often of much importance to know whether the system 
worked upon is acid/' '' alkaline " or neutral " in reaction. 
The above observations may serve to show with what extreme 
care any deductions derived from the application of indicator 
methods (or other methods of determining hydrogen or hydroxyl 
ion concentration) must be applied to such systems if they are of 
the lyophilic colloid type. The indicators may help us for those 
portions of the system which are of the composition x-dissolved'-in- 
water but they do not necessarily tell us anything of those portions 
composed of water-dissolved-in-x. 

With regard to the specific problem of soap manufacture, we 
may say that the proportions of fat (or fatty acid), alkali and 
water as chosen in common practice are such as yield only water- 
in-soap types of systems when the cold process is followed. The 
same is true for the cooled systems when the soap is made by the 
hot process and independently of whether the soap has been salted 
out (by sodium chlorid) or not. While the soap is boiling it 
represents a mixture of water-in-soap and soap-in-water. If indi- 
cator methods are used on ^uch a system and at higher tempera- 
tures this much may be said for them. Any boiling soap which is 
just alkaline to phenolphthalein {decidedly pink) will he less alkaline 
(colorless) when cooled. It may, on cooling, still contain free fatty 
acid, but it will not hold uncombined alkali. 

We have already emphasized the important applications of 
these principles to various biochemical reactions and to problems 
in biology and medicine.^ We shall return to the problem later 
Suffice it at this time to emphasize the fact that the reactions in the 
solid tissues of the body (including for the most part those in the 
major portions of the blood and lymph) are reactions in a medium 
analogous to a concentrated soap. The reactions, on the other 
hand, occurring in the watery secretions from the body (like the 
urine and sweat) occur for the most part, in a system analogous 
to diluted soap. Indicator methods may be applied and with a 
fair degree of accuracy only to the latter systems; their applica- 

1 See Martin H. Fischer: QEdema and Nephritis, 2nd Ed., 324, 612, 629, 
New York (1915); 3rd Ed., 368, 642, 765, New York (1921). 

2 See page 229. 
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tion to the former type of system must be carried out with the 
greatest caution, if, indeed, they may be used at all. Yet it is 
the common practice of biochemists and biological workers to 
hold that protoplasm, too, is something analogous to a dilute 
solution. 

The observations detailed above carry with them an inter- 
esting corollary. The color changes of indicators are in the major- 
ity of instances assumed to be dependent upon a play between the 
concentration of the electrically charged hydrogen and hydroxyl 
ions. If this assumption is held true for phenolphthalein (or for 
any other indicator which is held to act in this fashion), and 
especially if any one maintains that such indicator methods may 
be applied to concentrated lyophilic colloid systems, then the 
conclusion is inevitable that these concentrated systems contain no 
such ions. The matter is of significance because living matter 
(normal protoplasm) does not behave, as is so widely assumed, as 
water containing a little colloid, but rather as a colloid contain- 
ing some water.^ If this be true — and all experimental evidence 
supports such a conclusion — then the material which we call living 
matter is 'probably under normal circumstances as electrically bland 
as is a concentrated soap solution, a conclusion not to be overlooked 
in a day when the explanation of almost every fundamental life 
process has been assumed to have been found in an electrical 
notion of some kind. This criticism is not to be misunderstood. 
Differences in electrical potential, in ionization, etc., do come 
about in living matter, but they are more probably the results of 
and the expression of injury to the involved structures than 
of their normal life. 

^ Martin H. Fischer: (Edema and Nephritis, 3rd Ed., New York (1021) 
where references to the first publications on this subject may be found. 
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VIII 

ON THE PHYSICAL STATE OF SOAP MIXTURES 

The experiments previously detailed show that the different 
soaps differ among themselves in their absolute gelation capacities. 
Speaking generally, linolates hold less of various solvents ” 
(like water) than chemically comparable amounts of the oleates, 
and these hold less than equimolar amounts of the stearates. 
Within the acetic series itself the lower members are less hydra- 
table than the upper. The question therefore arose as to what 
would happen if two such soaps of different hydration capacities 
competed for a fixed volume of water. This is, in essence, the 
question of technological importance when in commercial soap 
manufacture a mixed soap is prepared in a limited volume of 
water from the mixture of fatty acids obtained from any ordinary 
mixed glycerid. 

A first experiment under this head was made by adding to 
a hot sodium stearate solution increavsing amounts of hot sodium 
oleate. The actual mixtures are shown in Table XXII. 

The soaps were added to each other at the temperature of a 
boiling water bath and, after careful mixing, were allowed to cool 
to 18° C. The results of this experiment are shown in Fig. 51. 
As indicated in the first bottle on the left, sodium oleate is, even 
at the maximal concentration employed in the scries, a mol)ile 
liquid. The bottle on the extreme right shows that sodium stea- 
rate at the concentration chosen is a white solid. As evidcmccd 
in the bottles between these two extremes, the presence of the 
sodium oleate interferes with the solidification of the whole mix- 
ture. Even when these mixtures are kept standing for months 
they do not go solid. 

A second experiment under this heading was made l)y adding 
sodium oleate to sodium palmitate. The mixtures, prepared in 
a boiling water bath, had the composition shown in Tal)le XXril. 

The appearance of these mixtures on cooling to 18° C. is shown 
in Fig. 52. While the sodium palmitate will by itself yield a white 
solid, admixture with sodium oleate prevents this, and does so 
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in increasing degree with its concentration in the mixture. In 
the mixtures containing the larger amounts of sodium olcate, 
the sodium palmitate floats in masses of silky needles within a 
liquid menstruum. 



In a third experiment the effects of mixing sodium linolate 
with sodium stearate were studied. The composition of the 
mixtures is given in Table XXIV. Fig. 53 shows that when 
the previously clear mixtures prepared in a boiling water bath 
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are cooled to 18° C. the linolate with its lower absolute gelation 
capacity again dominates the mixture. While the pure stearate 
is solid, admixture with sodium linolate yields increasingly softer 
or liquid systems. 



A final experiment was made by mixing two soaps of 
the same series, namely, sodium caprylate with sodium stearate 
as indicated in Table XXV. The results of this experiment are 
visible in Fig. 54. The physical state of the soap mixtures is 
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again dominated by the soap of the lesser absolute gelation 
capacity. 

These several experiments show, therefore, that in any soap 
mixture it is the soap with the lower absolute gelation capacity 
which gives the deciding character to the mixture. In trying 
to account for this, it is of interest to point out that the simpler 
soaps, or those lowest in any series, stand closer to the ordinary 
salts of the physical chemists than do the more complex or 
higher soaps. The lower soaps, as it were, “ salt-out the higher 
ones as do the ordinary neutral salts when added to the soaps. 
This matter will be discussed later. ^ 


TABLE XXII 

Sodium Oleate — Sodium Stearate Mixtures 


(1) 

35 

cc. 

m/2 sodium oleate +70 

cc. H 2 O (control) 

(2) 

7. 

5 CQ. 

‘ ‘ 

* * 

“ +27.5 cc. “ +70 cc. m/ 10 sodium stearate 

(3) 

15 

cc. 

‘ ‘ 


“ +20 

cc. “ +70 cc. 

(4) 

20 

cc. 

‘ ‘ 

‘ ‘ 

“ +15 

cc. “ +70 cc. “ “ “ 

(5) 

25 

cc. 

‘ ‘ 

‘ ‘ 

+10 

cc. “ +70 cc. “ “ “ 

(6) 

30 

cc. 


‘ * 

“ + 5 

cc. “ +70 cc. “ “ “ 

(7) 

35 

cc. 

“ 

“ 

“ +70 

cc. m/10 sodium stearate 

(8) 

35 

cc. 

H 2 O + 7 O cc. m/10 sodium stearate (control) 


TABLE XXIII 

Sodium Oleate — Sodium Palmitate Mixtures 

(1) 35 cc. m/2 sodium oleate -{-70 cc. H 2 O (control) 


(2) 5cc. “ 

‘ ‘ 

“ +30 cc. 

“ +70 cc. m/10 sodium palmitate 

(3) 10 cc. “ 


“ +25 cc. 

“ +70 cc. “ 

(4) 15 cc. “ 


‘ ‘ +20 cc. 

“ +70 cc. “ 

(5) 20 cc. ‘ ‘ 


“ +15 cc. 

“ +70 cc. “ 

(6) 25 cc. 


“ +10 cc. 

“ +70 cc. “ 

(7) 30 cc. ‘ ‘ 


“ + 5 cc. 

“ +70 cc. “ 

(8)35cc. “ 

‘ ‘ 

“ +70 cc. 

m/10 sodium palmitate 


(9) 35 cc. H 2 O+ 7 O cc. m/10 sodium palmitate 


TABLE XXIV 

Sodium Linolate — Sodium Stearate Mixtures 


(1) 35 cc. m/2 sodium linolate +70 cc. H 2 O (control) 


(2) 5 cc. “ 


‘ ‘ +30 cc. 

+70 cc. m/10 sodium stearate 

(3) 10 cc. “ 


“ +25 cc. “ 

+70 cc. “ 


(4) 15 cc. “ 


“ +20 cc. “ 

+70 cc. " 


(6) 20 cc. “ 


“ +15 cc. “ 

+70 cc. “ 


(6) 25 cc. “ 


“ +10 cc. “ 

+70 cc. ‘ ' 


(7) 30 cc. 


“ + 5 cc. “ 

+70 cc “ 


(8) 35 cc. “ 


“ +70 cc. m/10 sodium stearate 



(9) 35 cc. H 2 O +70 cc. m/10 sodium stearate 


^ See page 93. 
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TABLE XXV 

Sodium Caprylatb — Sodium Stearate Mixtures 


(1) 30 

cc. 4 m sodium caprylate-f- 70 

cc. H 2 O (control) 


(2) 1 

cc. 4 m “ 

“ -f-29 

cc. ‘ ‘ 

4-70 cc. m/10 sodium stearate 

(3) 2.5 

cc. 4 m “ 

“ 4-27.5 cc. “ 

4-70 cc. " 


(4) 5 

cc. 4 m 

“ 4-25 

cc. “ 

4-70 cc. “ 


(5) 10 

cc. 4 m “ 

“ 4-20 

cc. “ 

4-70 cc. “ 


(6) 15 

cc. 4 m “ 

“ 4-15 

cc. “ 

4-70 cc. “ 


(7) 20 

cc. 4 m 

“ 4-10 

cc. “ 

4-70 cc. 


(8) 25 

cc. 4 m “ 

“ ■ 4-5 

cc. “ 

4-70 cc. " 

* * 

(9) 30 

cc. 4 m “ 

“ 4-70 

cc. m/10 sodium stearate 


(10) 30 

cc. H 2 O-H 7 O cc. 

m/10 sodium stearate 




IX 

ON REVERSIBILITY IN SOAPS 

§ 1 

We noted early in our experiments that the physical con- 
stants of the alkaline earth and heavy metal soaps, as ordinarily 
prepared by precipitation of a sodium or potassium soap with 
the salt of a heavier metal, were different from those of these 
same soaps when prepared directly from a proper fatty acid and 
a metallic hydroxid or oxid. We attributed the differences to 
admixture of the heavy metal soap with the original soap. As 
a matter of fact, we always deal in soaps thus prepared with a 
mixture, in equilibrium, of the two soaps. In order to study the 
matter further we performed the following experiments on the 
reversion of soaps of the alkaline earths and the heavy metals 
into the soaps of the alkali metals under the influence of alkali 
hydroxids. 

The results in the case of a series of oleates may be thus illus- 
trated. Molar equivalents of the hydrated oleates pictured in 
Fig. 2 and described in Table III were placed in separate vials. ' 
The actual amounts were as follows: 


Magnesium oleate 5.1 grams 

Calcium oleate 3.8 grams 

Lead oleate 4.2 grams 

Mercury oleate 4.2 grams 

Barium oleate 3.6 grams 


These soaps were covered with 10 cc. normal KOH (the amount 
necessary to convert, if possible, all the heavy soap into potassium 
soap). The appearance of the soaps immediately after addition 
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of the alkali is shown in the* u|)iH*r row of !•%• ’^Viflnii mi 
hour after adding? tlH‘ pota-ssiuin hydroxiti all llir b'lciin 

to swell and to l>eeorne. rewired with |r,i*lii!iiioii^ liliiiH. 
change to potaHsiurn olc*a1e was parlifuilarly rapid in fbi* ifiag- 
nesium and lead soa.pH. But it ocauirred' in all. so fliiif iiii 

hour enougli potassiian semj) was forrneri to niiik** fii** !if|iii*!H 
covering thc^ nu*fullie soaps show |H‘nnaneiit fraiinH. 

TheH(‘. (*hang<‘s (KTiir in the cold and even tthen ilie relief itfii 
mixtures are not- stirred. Heating and stirring, hfiuever, iiastfii 
the procc^HH. In (dfh(*r (‘viatt a. high degree' e»f ri'verHion is nlifnified 
as indicahul hy th(‘ lower row of Fig. on, whirti nIiiovs the iip|M%ar- 
ance of tfu* soafi mixtures after standing iit rtw^in triii|»#*r»tiire 
for forty-sught liours. So niueh pfUassiiirn oli^afe IiimI fonin^d 
that all th(‘ Hysfcans were highly gelatinous. 

A. sitnihir reversion from the .Hteantfes *»f the alkaline i^arths 
and the heavy m<».talK iritn sodium Hteanite is sfioivn in Fig. All, 
The upper row show\s the vials with their molar ei|iiivaltaifs of 
the different Htearates pn^jmred a-s desrriUai in Tatfli* IV ciififi 
Fig. 3)^ just after 10 eta normal sodium hydroxid luid Imm mldefl 
to them. The net ual amomitH of soap in tfie vinls were a,s folfott-s . 


Msgaesiuxn Hi oirni e 
Cldf’iuffi stsjirnte 
Mftrmiry stearate 
Htiuiriite 

Barium Htearafe 


# IMI griiifw 
7 UA grill I w 
H IIA griiiip 

7 *¥i grill'll^ 
H , Hi graiim 


After addition of the Kodinin liydroxid tin* inix»ur«*n w»<r»‘ kipf 
warm for one hour at Tf)” (‘ 'riic of iJti- mmv wtup 

mixUmw forty-oigiit liotirH Intor in fdunvr* in the !i»wi<r n»w of 
Fig. .IG. Tlio rovoraion to Kodimn xfonrato iw m> (tnciit that hII 
the mixturcK are now solid k<*1s. 


These cxp(*rimenfB on M-vcrsion in soaps lire of ehief initer«*st 
to ns Iwcause tlus soaps in their eolIoid-<-heHiienI Udiiivior an* like 
the proteins of the living ecli. 'I'he heavy tiielai soaiw are like 
the heavy metal proteiiuiKts whi<-h are pnaiiiet-d wh«-n liie living 
cell is poisoned with Iea<i, nifreury, ete.; and just as flw hmvy 
metal soaps may Ix! converteil info th<w, of the lighfer mefall 
cells poisoned with heavy metals may l>e aided in their nwf ora! ion 
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to I 111* inon* itormal stat <‘ by the administ rat ion of propcn'ly 
<:hoHi‘n Halts of thf* inoialsd 

lliffo oxisi, ho\vov(*r» proc<‘HHf‘s in pun* soa}) ma,rnifa,<tt uro 
wliicdi havf‘ lori|^ mado ompina of tho facds dcd.ailod 
Insl(%a(i hydrolyzing fats with Hodiuin or potassium hydroxid, 
thoy aro hydrolyzo.d with (*alcitim hydroxid. nn<h*,r such 

rirrumsIanroH rahauin soaps an* pro<lu(a*d wduch, as fornuHl, havo 
lifflo (a no wasliin|( pnijHad i(*s. Tho caloium soaps a,r(* than 
convortod irU(j sodium or potassium soaps by t-reatnuunt wit.h 
tha carlaaiafos of thoso metals. 


X 

ON THE SALTING-OUT OF SOAPS" 

The provicms pa^^^s^'^ have* shown that the* absorption <d watar 
by various pure soaps (an<l h(*ncc*. th<‘ir pliysical staUd d(‘p<‘ndH 
tipcm fuj thc^ kind of !>as4^ combiiunl with a a;iv(‘n fatty a(‘.i<l, or, 
with a given hasi* ih) uptui tin*, natun* of tbci fatty arid. It is 
the fiurpoHi^ of this so<dion to cleserilx* tint iidiuorux^ which the*, 
additimi of dilTerenf elect ndytos has upon their pliysical state. 
We shall first deseriln* the action of difTenmt salts upon a single 
soap, namely, pfUassium oleati*; later th<* etTcads of orat salt* 
upon different soaps, lla* praetieal and tlamretiral (halurtions 
drawn from llje.He material^ will then Iw* <’tuTelatc*d with tlte vari- 
lais em|iirie practieo of the soap nianufaet iirer and alliral Hcicui- 
tific stUflies in this hidd. 

L On the** Salting-Out of Potassium Oleate 

I1ii* pofassium oteafe \mu\ in thesi* exfK’rimentH was prepared, 
by iicidiiig to the molar weigiit of oleic acid expresHial in graniH 
f'2.H2,'i7i IIMMI ec, uf ii iif»nnal KOlI Ho!uti<m, 'The tfleic acid 
iifid itif^ pi.dasHinm hydroxid solutifm were heated w»pa;ni.,tely irt 
II tt'itfer bath iiiid, at the fem|H‘rat4ire of th<? boiling water, tint 

* Si»r fwigi* 210 , 

^ MAurm If FiHCfiiai lyifi MhmASi}. Ihamrai: Hcierio*, 4H, I4S 
ihifl IS, flir# <1wm Kaj^ificer, 27, 22A luel 253 riSI!l.e Hee idmi 

|t*#' 

® ptmm III mill 15 ; nlwi Maictcv H FineiiKK find Mahian IK 

lio€tEf;ti: Clirffi. Kri©iieer, 27, 155 (ISISK ibid., 27, IH4 CIIIUI). 

« 
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oleic acid was jioured into (he jidliissimii iiydroxid, iii.- miv- 
ture. was stirred and healiai, with caieftil auijtlajiri i.j . 
rat'iorij iiiitd a elt*ai, viscid liijiiid was ititiaincd. W ic ic xi i *+ar 
stock or standard potassium oli-alc sdlmimt a, m <h,. 

followiri}!; exix'riincnts (Hie prepared in ihiv fav,hi,,!, ). !i. 

At, room tmiipcratiire this sloi-k is strunch alKaiin. u, Ihiu.! , 
paper hut, i>henolplithalein when added in is remain . 

1* ^Ve trusted out, first, the ellecis nf adding ditien nt am^aiiii-,, 
of wafer to the standard pnlassiuin nleate, ’{'he im i, ,. ({1 h hi-n 
prepared as descrihed has ilie visensitv nf a s>!Up ai Mr.im irv 
femfHiratures l hS" C.i. '{'lie ad.jilinn in ilm ,4 piniMeH^n. ,-lv 
ji;ieat,(ir amount s of wafer inm'eiy' s<*rves in deerea ^ ji*' *, r en^siiv' 
2 , We next tried the efleeis nl adding prn|'re-»,nr!\ vreaU'r 
amounts of various alkalies ilxflJi, N'aUli and NHpdf in ihe 
standard .soaji. Wliile Irnni a cheiiiicsd slaieljmini ii inanira 

little how a inixfuie is inaile, ii makes nnieh tliffenne,. a 

physical point of view as will he disen.^. d lai.-r \V1„ „ m.i 

otherwise specified the mixtures lhrniu;h<.tii ih. se „ ,v.-|r 

made m fhr .vet/wnn m irfurh thii/ iiiijmir in iht Uthi, In {'.dil.. 
XXVI, for insfaiiee. Ihe water was first ad-hd i,, ij„. „.,ap ;,nd 
mixed; then Ihe KDH solution was added and the who|.- afam 
mixed. When not olherwis,. s|H-eilied, ail .•omhimuini,-. M.-re 
made «/ rnam linipiniliirr wliieh in ih.- r.«.m emplnved and ai 
the time at which we workeej fihe winter nf ]P17 ,ft„] pifH, 

remained continuously ekw- n, {s' I', •{•{„. .lesenjiiiom, and 
photographs n-fer to flie apia-aranee of i|,e mixtures fin nfi/.f, „ir 

houTH later. 

Tahle X X VI and Iuk. .a7 show I he effeel.H nf addiUK { «.l ass,„m 
hydnixid. It is obvious that the conirol snap with Hau r imx- 
turn IS a mobile li,,ui,i. '{•(„. fin,, ..ddiiious of |m,assium hvdroMd 
to this mixlum .serve ,o inen-jisi- ii.s viseostiv ns evidenced m ihe 
tuhi^ inarM 1, 2. d and |, fi.,t ls,vm.d this p..,,,, for, her 
addition (,f the i«»(,msium Iiydroxid IsKins hr,,.^ ,, 

dehydmtmn of Ihe soap whieli inen-iws pn*Kn-ssivelv iimil if, 
the tube marked 10, the wmj. is found floalinu as a thin layer 

at the top of the clear disiHTsion niediuin. 

The effeefs of WKiiuni Iiydroxid n|K.n the standard {s.ijwsium 
oleate am Hirniiar to those of ,siiaaHinm hydroxi.l as apparent i,, 




op soaps 

.V'X\-I1 .■Ui<i lo's. Tl„.r<. i.s al, first a progressive 



w p.tiiilion (,f j|„. vinap from lh( 
wafer as aireaely (ie.scriheti foj 
p<*t.'i>.sitim hyeJroxiei. 

XX \ III and oi) 
fallow fhaf mme of (iiese IhiiiKS 
}i;ip|Mai when ecininormal amttio- 
nJiim hvdroxid is arlded fo (he 
polassitun ..h-nfe, |n faet, even 
if the eoneentrafifins of (he 
ainmoniimi hyeiroxid are earned 
t«w<»nd those in (},e (.aide ,,0 
Melaiifin and no wparntion of 
fhe soap oeeiim. 'I'Ik' reasons 
for tin’s an* diseiis.sesi later. 

The faet of iniere.sf in these 
jiaraliel .series of exiteritnetils is 
tlial tile .sodium hydroxid leads 
to increase- in vi.seosity and fhe 
.settiiae of the soap into a .solid 
jelly at a .-‘oinewhaf, lower eon- 
eeatralion than is tlie ea.e for 
pota-diini hydroxi.i; and this 
one shift inj; of effect toward 
the left is true of the sep;,ralion 
of the soaji from the aqueous 
de-iH-tvioa meilima in the- hi«her 
(■••neeninilion.s of the alk.-di. 

I'o the mcaaiiiK of the-e ihini^s 
we shall ret nrtj later. 

•'*>. We next eompan-d fin- 
effeet.s of a group Itf salr.s having 
-a eoinnion !«w and different ae-id 
radieals. 'J',» .sinijilify maflei-H 
J« w-rie.s of f«4m.siimi .sjslta was j 

..f *1,.. .....r,;, 


iHC,r(‘US( 
^iddil ion 


x.xx. 

hromid 
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series are shown in Figs. 60 and 61. It is obvious from the tables 
and the figures that these neutral salts behave in the same general 
fashion as the previously described hydroxids. With progressive 
increase in concentration there is observed in all the series a pro- 
gressive increase in viscosity of the soap until it sets into a stiff 
jelly. With further addition of the salt the viscosity falls, a slight 
turbidness develops and, later still, separation of the soap from 
th@ dispersion medium sets in. This separation finally becomes 
so great that the soap floats as a practically dry white mass upon 
the underlying clear dispersion medium. Some difference seems 
to exist in the power with which the four halogens lead to the 
setting of the soap and its subsequent dehydration and separation. 
The difference may, however, be one of experimental error only. 



Figtjbe 58. 


It is exceedingly difficult, as everyone knows who has worked 
quantitatively in these fields, to be sure of getting absolutely 
equal rates and degrees of mixing and thus absolutely equal 
effects when producing these various systems. 

Of other monobasic potassium salts the effects of the nitrate, 
sulphocyanate and acetate have been studied. Potassium ^ % 

nitrate acts very much like potassium chlorid as shown in Fig. 62 
and Tables XXXIII and XX3CIV. With increasing concentra- 
tion of the added salt the soap first gels and then softens, though 
the solubility limits of potassium nitrate, as seen in mixtures 9 
and 10 of Table XXXIV are such as to lead to the formation of 
nitrate crystals in the tubes and not to an actual dehydration 
and separation of the soap from the dispersion medium. 

The range from a liquid to a gel, through a secondary 
zone of liquefaction succeeded by dehydration of the soap and 
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Hi'fiarnt i( >11 of tlio clear <ii.s|M‘mon m<uliuin, iw i)arl.i(;uljirly 
clearly in the ea«* of iM)tn.sHiuin sulphocyaiiatti. 'I'lu: coiHaait.ra- 



liotiH tH'cimary for fhew wtcecnaive (^hauKCH ttiay lx* dediiccrl 
fnint Tiihlea XXXV, XXXVI and XXXVII. 'I’he actual apix-ar- 
iince fif the ttilxn deNcrilxal in Table XXXVII ia .shown in Kig. 
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Table XXXVIII and Fig. 64 show the effects of potassium 
acetate. As compared with the action of the other potassium 
salts thus far described, it will be seen that at equimolar con- 
centrations this acts more powerfully. The soap passes through 


CD 

W 


O 

£ 



all the various changes to complete dehydration even within the 
short range of concentrations detailed in the single table. 

The effects of several potassium salts of polybasic acids are 
shown in Tables XXXIX, XL, XLI and XLII and Figs. 65, 66, 
67 and 68. Dipotassium sulphate and dipotassium tartrate pro- 





Figure 65, 
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duce results practically identical with those of the potassium 
halogens when the effects of adding half molar concentrations 
of the former salts are compared with those of molar concentra- 
tions of the halogens. 

Because of the limited solubility of potassium sulphate and 
of dipotassium tartrate, Tables XXXIX and XL and Figs. 65 
and 66 only serve to show that with increase in the concentration 
of the added salts there is progressive increase in the viscosity 
of the soap until gelation or, beyond this, a secondary lique- 
faction occurs in the highest concentrations here employed. 



Figure 66. 


However, by working at higher temperatures the concentration 
of both the sulphate and the tartrate may be increased to a point 
where the soap is salted-out.^' 

Tables XLI and XLII with Figs. 67 and 68 show the effects 
of adding the potassium salts of two tribasic acids. Dipotassium 
phosphate (Fig. 67) and tripotassium citrate (Fig. 68) in increasing 
concentrations at first lead to gelation, then liquefaction and 
finally complete dehydration of potassium oleate. When compared 
with the action of monovalent salts, the tables and figures show 
that the initial gelations are obtained at about the same molar 
concentrations of the potassium constituent of the systems, 
though subsequent liquefaction and dehydration occur somewhat 
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earlier in the case of the polyvalent acid radicals than in that 
of the simpler ones. 

4. The next problem was to determine the effects of adding 
alkali and salt together to potassium oleate. The effects of 



Figure 67 . 


different concentrations of potassium chlorid added to standard 
potassium oleate, containing two different concentrations of potas- 
sium hydroxid, are shown in Tables XLIII and XLIV. 

So far as concentration of the potassium hydroxid is con- 
cerned, Table XLIII must be compared with the second tube 



Figure 68. 


of Fig. 57 (Table XXVI); so far as the concentration of potassium 
chlorid is concerned, with the first five tubes of Fig. 60 (Table 
XXX). When this is done it is observed that the effects of the 
alkali and of the added potassium chlorid are additive. In other 
words, gelation and secondary liquefaction are apparent earlier 
in the series in Table XLIII than in the corresponding tubes of 
Figs. 57 and 60. 
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I hv alk.Hh <-..n...„trati.,n of ’Pul,!,- XI, IV .•orroHpon.lH with (haf, 
o fulH- I u. :,7 .Tal.|.. XX\-Ii. Th.. Hoa-dal>y<lraliaK .tW.tn 
of tho .M.nr.-alrat.oa,. of jK.laK^ima chloriri omi.Iov<.,l arc clearly 
appaivr.t l.y rofornris l<, Fi^. (i<) and 'Fahh- XXX. While the 
concent raUon <tf alk.-ih alone lead.'< only to Kidalion of th(‘ pofaH- 
•M.i.n ole.nte. ,t will 1h. ..een in Tal.Ie XI, IV that, the <dr.-ct of the 
|H.ta.s.iuin .•hlond a.|.|,>. itn-If to thi.w. vvher.-for<> the lirnt, tube in 
the vene.s ,hovv,. .a l.eyinnin^' dehy.lration which, with incn^aHc 
>" '»*'• ••Ofcent ration of the a.hle.l aall, iH-cona.H proKresHively 
Kteafer until inarked dehydration tind wparation from the clear 
■ li^jHTdon inediwnt evident in the last tube. 


I able xi.\ d.ows that such an additive effect, i.s apparent, 
also when in the pre.o-nce of a fixed concentration of pot.asHinrn 
chlond different anioiitits of .standard ptita.s.siuni hydroxid solu- 
tion are adde.l to the standard potas.sium oleate. While neither 
of the Ml), stan.es when used alon.- and in tin- concent rations 
prevailing in the f„s! tnl«- l-a.i to gelation, the two tfigether do 
.M^. When coinpans.iti is maile with the proja-r tiils-H of Figs. 
o7 and irf). it is also apj,ar.-nt that the si-coridary liquefactiori 
and tin- d.diy.lration U gin .-arlier when alkali anil salt an> used 
togi-fher than wh.-n either is iwd alotte. 

'I’o eoinpleie this series, wi- a.ld 'laities XI, VI and XLVIl. 
In lable Xl,\ 1 the .■oiieeftlralion of |Kiins.siimi hydroxid is fixeil 
ainl that of jwuiiuin ehlorid vnri«<s, while in 'Fable XLVIl thci 
.‘oneentration of sodiuin . hiori.l is fix.-d and that nf potassium 
bydritxid varies, 'Fh. w tables should Iw eom(mn‘<l wdtli 'Fuhles 
,XXW and XLIX. ..r figs 7,7 atnl 7f), Siieh comparisfin shows 
that g.-la! ion with MibM'.|tieni li.|iiefacf ion ari.l dehydration am 
obtained i-jirlier wlien the alkidi ami ehlorid am pmscnf together 
than when either is d alone in the eoneenlmlhm chosen. When 
the effeets .,f Hodiuin ehloml are rompam.l with thosi' of iwitussiiim 
r hiofid, it is again apparent that the .soiliuni salt acts mom jsiwer- 
fully : in other words, the systeiiis are sliifte.! toward the n-gioris 
of e.irlii-r gelation, earln r .lehvdratton and earlier wparation. 

*». We next ine.l the fffeefs of a.hling in equimolar concen- 
trations various salts |wMts«-s^>d of a conitnon acid radical but 
il'jft ii lit l,ti I VVe .•how .•hloriilfi. 

Ill 'hihh XLl Ill and J ig liti finf txKluced n.s cheeks on 'Fiihlc 
XXX and Fig. (Ui nut! on the exjieriiiieiits ahouf to la- deMcrils'd) 
an- sfiown i}j.< effeefs of adding sttecessively highr-r concentm- 
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the salt, the viscosity of the soap mounfa staachly tiiitll iti the 
tube marked 10 such a solid gel is obtainwl that the ttdi.* may 
be turned upside down without spilling t he eontenfs. 
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SfHiiinii rlilorid prudurf^n thp nnnir g<*n(*nil an pot.aHHiuni 

rliPirid, ^huwii ia lahlf* XI JX and Vi^. 70. Wlaai th(* alTecIn 
cif tlii‘ two an^ rutnpanMi it in that ai tin* Hain(‘ malar 
riifif’iaitratiua f ha aalf. arts inora pa\V(*rfully tha,.n tiH-r pcdim- 

mmi Halt. Iidtia! iia-naiHi* ia viHranity, ^alatiaa and frank Bapa- 
nitioii af ili>.|MTHiafi iiiaiiiiaa fnan tha noap raaair (mrliar through- 
out lit tha tiilwH f»f Fig. TO than \n of Fig. tHK 

W lii'U aiuiuuiiiina rlilond in i*atpk»yod in ila*. naiia* (ainom* 
trill ion a.H ilia! doMiTilM»d ahnvo for |M)iaBHiain or Hodiuin ciilorid, 
an initial iiirri’aHo in viHrimify ia tho l<»wor <‘on(‘antrationH of th(^ 
iiiniaoiiiiiin ;H;il! in ntii fo l«» ohniaTod. Tho tirnt <dTaot to ho aotod 
in a Hliglii rlouditig of tla* aoap inixturo an nhowa in Fig. 71 and 
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I'lili!** I,. Ab liifir*" of liio luiiiiioniuia rhiorid in added ii while 
rolliir ii|»|«*iir^ %¥liir}i grow'H progn*«*^ivi»ly in thiekiiiw until the 
iidioh’ eoiitriiiH of fho tiif«* apjn^iir white. XIiero«eopie ex- 
fiiiiiiiiitioii hIiow-.^ llii« roltiir In l«t an eiituWmi (of fn^ed fatty 
itiiii ill I tie mnaiiiinic liyiiriited miip).* 

11m* Ilf iiiagneaitifii imd of ealeiiim ehlorid upon iKifan- 

wiiiii iili*iiti''^ iiTf* .f^liowii in Id and LI I and FigH. 72 and 71L 

Hii'i'i* Ih fin iurfr-fm^ in %dj4rfwity to la* noted in either H<»rie« hut 
only II fulL llik in «Iue to the foriniiiion of the ho- 

ritllefl iiipoliitile rideiiiin and iniigiieBinin f4<iapB. It would 
}«:* fi«*it,er to Miy tlia! tiii* rtiiiiige in due to the forniittioa of lew 
liydi7itii}il»* 'tiiapH for. m ppndoiiBHtiidy liiia ahowai,^ the riiitg'neaiuriii 
aiel eiileiiifii mmim ahnorh iinieh h*m wafer Ilian the eorn*M|M>riding 
wiiipB, Hifiee i4nii|i liffldn more waiter than 

' Srr pJifr^ tail Itml Ilf,, 


*»%e f.iagtt ICI. 
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calcium 8(mp tlif* fciniHT mit wiih i^rriiii'f liitlpnilt v f!i;ii 

the latter, an may In* hy roiupariiiM' Ti^p. 71! mipI 7li. Ii 
the‘lu'glier eoneeat nil ions of Ihi* ealrium ^a!t. tin' i-ilruiin *4^:^!, 
conicH (Iowa in \T-ry fmoly dividrii iroIloiiP form aii4 niii.im 


suspeiuii'<l in the ii(|uid uh nliowa in !hf* ifiairh«*4 

of 7:i 

The formation of the metallie mmim iiiili ilnir 
hydration <ui,piieitieB iii^ain iloiiiitiaira the laetnri^ %%'ki 
or ferric ehlorid in addeci to ulriiiip ,\p 


Fiyyitfc 73- 
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2. Critical and Historical Remarks 

n. I C nnsitlii'i’d in tin* hrond, t!ic‘S(* <‘Xp(*riiu(^ntB 
uf I In- nlkalic.s and of diflVrcuit 

111‘iitnil Ht\i^ nfHiii HnH|i ari‘ a >4 old stiajj inanufa.<^inn* or (duaniad 
indiihfrv it.odf. ‘Hh- luvripitntion of “ inH<»luldt* tnolaJlic: Hoaps 
by fla* :i»ldita»ri *4 nails, of flu* hoavy iiH'lals to soiliuin or pot^an- 
Hiinii Mirifin H iminliar pn«*i*duro in tlto luanufac'turo of variouH 
paint ihr a«lditinn tif aminonimn hydroxiil to wash 

|iM.> liflig l»f"on kfa»wn to hava a valnn in hiiuidoririfi; 
iioi Hiifittii hv tutnv fi\rd “lyoH*'; and tin* “ sn,ltint^-out. ” 
1,1 .Hoap;*^ !hl'oii|.di tlif^ addition of an of tin* aJkali tiscd in 

inaluiiu: Moaft «»r l»y th** addition of firdinary Hodiiun chlorid 

ih a roiffnry or inoro old, ,Moap (dininistH mv also familiar 

with t!i*‘ far! that in ?li*' ^^altin^^^ait prc«M‘as thoy often ene<Hint<n’ 
a f^iiniiiiinn. ” of ihoir :o»ap inixtiireH or find that thew* “go 
Hirifig'y.’' \rvrrdi*dev-., e\|«’riinentHt df*tailH eovering nil thnw* 
geiif'ral ni more than partial fashion ^*t*tn Ht ill to 1 h^ 

nieagri', and die naftir** of tfie ?^inipleHt findings Hiuniw not yet, 
to tiii'Vi'' i'liioian'd Irofii fhi* realm of harsh flehate. 

If file ffif’i'M and ilieinefiea! eofisid**rationa eovering the* lyvdra- 
fion and ■•^eih'aiion |#ro|i#aiie.>M of the |nm* soaps theninelvi'H as 
|irevioiifdi. #»i|f.|iised in these pages ^ are kept in iniml, it heeonieH 
l^eo'ihle, iVi* think, iiof onl> ftt driiW frigefher under a eointnon 
lieadiiig iiijiiiy of fhe eiiipirie farts f*f ehinnien! industry hut. to 
fiiiii an ex|ilanat|oii for tht-m in deehieiily simpler t<*nnH than 
r«*eiii leitt' to I#’ III use. Before fielailiiig the vieiVK of athf*r 
ivorkei's ill dieM’ !i»dds %Vf* tt'i*»h for the mke of elarity to dixade 
the f‘\|.#iuiiiie-fifs inf ihifi MeiUioii into thr«*<* groupn. While, the 
filie'iioineiiii disrimsrf^d in aifv e*ne of ihew^ roinnionly ap|M*ar idso 
sit It r^’i'ond, or f-ven in a third, suefi division will lielp to make 
elear tt liat it is fhat floininutes Isdiiivior in eaeh of the groupK. 

Idle pages have slamui fhiit d imptirUtni ta din’- 

liiiflirtsli fli#' .-'^oluhililv f*f Mmip in tmtrr and thr selir- 

liflilil of ihf nnirr in llml Htmp. itf iinmetliale inferesi for our 
pi.ir|io»*-« the fa«*t that of tbt* soaps of a given fatty arid Imt 
iliffi’riuit mumoimtm soap is most aolulde in water, 

laifaHMiiiiii iie%t fuiii then w-K|ium. The .latitjss of the alkaline 
emrfliM lire ttiirdly soliitde m wafer and ih(m^ of the heavy riartiils 
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are generally regarded as completely insoluble. Looked at the 
other way about, the first named are the best solvents for water, 
while the alkaline earth soaps take a middle ground, and those 
of the heavy metals stand last. With these general truths in 
mind, it is obvious that we may classify the effects of adding 
an alkali hydroxid or of adding any salt to potassium oleate as 
follows: 

(1) a soap is formed more soluble in water and a better 

solvent for water; 

(2) a soap is formed less soluble in water and a poorer 

solvent for water; 

(3) no change occurs in the solubility characteristics of 

the soap. 

The last covers, perhaps, the item of greatest practical impor- 
tance, namely, that of the ordinary salting-out of soaps, and that 
about which most debate has centered; but since in practice it 
is rarely seen in the pure form outlined in our experiments, but 
is more or less blurred through the simultaneous action of pos- 
sibilities (1) or (2), it is best taken up last. 

(1) A soap is formed more soluble in water and a better solvent 
for water. This happens when ammonium hydroxid is added 
in any amount whatsoever to a potassium (or sodium) soap. 
In this case the viscosity of the soap mixture regularly falls. 
This behavior of ammonium hydroxid is strikingly different from 
that of either potassium or sodium hydroxid, either of which first 
brings about a gelation of the soap solution followed by a second- 
ary liquefaction and then a separation of the dehydrated soap 
from the dispersion medium (a solution of the alkali hydroxid 
in water). The effect of such fixed hydroxids is regularly attrib- 
uted to increases in alkalinity,” increases in hydroxyl ions ” 
and the vaguer concepts of adsorption ” and permeability.” 
It is obvious that all such explanations are inadequate, for with 
enough ammonium hydroxid at hand any degree of “ alkalinity ” 
or any number of “ hydroxyl ions ” ought also to become avail- 
able to bring about the effects observed with the fixed alkalies, 
yet, when ammonium hydroxid is used, these effects never do 
come about. The reason is that through interaction of the potas- 
sium (or other) soap with the ammonium hydroxid, ammonium 
soap is formed, and this is more soluble in water than the original 
potassium (sodium or other) soap. The system as a whole 
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hff’rtfiirM " mHiij.i, .^ipf ip jtUfVt* n*‘?irly a, “ frui* ” 

,*«fflii1a*lL all*! Ii* 1*- *i !''■*•* ♦‘■at y raa fall. 

IIji- ■-.‘ilia- n| iIh- aaifiafrutiui radira! iantill appar- 

tail i!r*tr:i4 nf ayaiiMiauta h\'4n*\iii NnufHalt. likt* annnoaitiiu 
rlili>ii«l r- |m a *4*-at«* Kjg. 71 aial 1 ahla 1 4 . 

Hfi'*' .'i-if.aili * .iiiPial iiirN-a.M*- iii vr'i'n-aiy in fa (m* (lUntTViai. Siinay 

Ilf ttt i’*i. *-r, i-' ?lif .^alf af a waak ha«t with a 

h'! rniif^a-r :i*’i«| ?|ii- ",^-s-Mipiar% I'ffai'f »♦! an a%-iTplnM af acid hinncd 
tlirf*n,^di !ivd r«»p. '.-r-. ap|#-:u-'-' Hy lacart^^ rtf thia a,cid. falty 

and r- IilM-rafr-rf u*>Ht fh»* ’■♦♦ap aial ihni rcniaiuH ctutilHihcd ia 
fh«^ *^^aa|i. A thud im »'\i-rfcd in fhin illii.Hirat icai by tfic 

uficliaiiM*-*! rhlarid and the newly fariiictl polnHHimn 

f*!ik*ri«i whic}i r\r“ri a thdi^'flraoiijr’: «dff'cf Im’Iuwi tipari bofli 

f I f th I* a I 

llicNi' nieaa ina%' 'n*' tart her verili«"d bv trdni^ aiunioniiini 
an-tatr I’lir-i-e im •■'fill nM |«-r*'r|*i|bli* initial incmnni* in viMawitw 
and -Hitiff" f}i*' ^'-'ab i-; lafa*- ni-'uli, ncMOal. taffy acid in naf 

wf fm*. ill tip'- bwdc't' raiirrip rat af flh'i tin* Hnap nicrcly 
*»iif ni ilie ii-aial f';cdae*n. 

r'J .. ,1 A'';-'; '.'Mlahlf f?n nrid n pfHfirr .htiirrfit fat\ thi' 

na- dr-aii d'lil-^ ri|»-:rrv«'d wlirn UlllHUi^nUUn, calciutn. 

irrifi fit rupim^r arr add»-4 tr» a Mihttiaii af patinHWuni Car 

Hfwiiniii ' alfMitr* t nde-r tb«‘-5-?e rifiaiiHHiancf^a. t.f»a, fhi* Myatcnm 
ii,h a whiih' aiiain niarr^ Inpiid, tliaimfi if naf in ffiin 

ifF^t life'*" l#'r':an'«' ffa- ffii'ined arr iniirs* wihibli* in fhi» Halvcnf. 

ar iiiafr' hvdrat abh' laj! they lire ifftinbli* arid Ickh 

liydf.aiatde aird -^a fall ant, allawinn the vi,Mcafdfy af the ptirc 
Mibrriit ‘-cilf Wrif«a'-' fa *-a|||C fa fhi* fraiit, III c<ni- 

fr^ot fa fb«’ «v?-;trim fil -#-4 nn4*”r Mn rci^tiliirly f«*cain«* 

nnlkv ar Blnfe wbih* the- ft*rnwr l«‘-«'anii- mare triiii^finrcnf furilew 
Mitm” M'rafidiirr rliiingf- Ilka tlie hlierfif iaii fif bitfy ncid in einiilMi- 

fird f# Iff II fciii|rt-n •• 

(dl ?’l?r rlpif^yr in k%ml #1/ in m'niuphlr ffr ihrr$' m fumr ut 
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a fmiff'd |#*ii !i#l4e4 tfi ii jtatnxHiiiin rn4i*r 

I iir iiiii«f iinr«'‘e wtifi inrrrji#ifi^ ranciiif mf laii af llic iidflail 

nil t}i«‘ r||fin||r-;i*i 4*wrilie4 III flic ittia%*c 

:ir» *« nif llit-n- ^iii in %d.M*r»ify wdiich, 

if fbi' a| ffi«- fiat pia ifrent, ra«iiltp in H'ldiitian, 

fallaiird by % '‘i'raiitinry ln|iirffirtifiii iillifiifitafy in ram- 
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plete separation of the anhydrous soap from the dispersion medium. 
Since the nature of the changes seen under these circumstances 
covers the question of the theory of the salting-out ” procicnss 
in soap manufacture (as well as that of the salting-out prcx^ess 
in many other lines of chemical industry), and since many at t(mi|)ts 
have been made to explain these changes, it is well to interrupt 
our general argument here to review such theories, as far as t hey 
are known to us, before proceeding further with suggestions of 
our own. 

b. Historical Remarks on the Salting-out of Soaps. F. Hof- 
MEisTER ^ recorded in 1888 what seem to be the first quant it at ive 
studies in this field when, in studying the “ watxT-attract ing 
powers of various salts, he determined the minimal comment rations 
in which they would bring about the separation of a soap from 
its aqueous dispersion medium. Finding that the ordinaiy rnixcul 
soaps gave inconstant results, he set out to disciover the low(‘Ht 
concentrations of various sodium salts necessary to bring about 
a beginning turbidity in solutions of sodium olcato. In d(*t.(‘rmin~ 
ing this point he noted that his soap solutions frequcmtly j(dli(xl. 
F. Botazzi and C. Victorow^ detailed, some twenty y<^a,rs laf(vr, 
the effects on viscosity of adding sodium hydroxid to a Marsculhis 
soap solution. Their soap (in essence sodium oleat^O had Ihxui 
dialyzed and contained in consequence free fat.ty acid and what, 
is commonly designated, since the work of F. Krafft and II. 
WiGLOW,^ '' acid soap.” ^ Addition of sodium hydroxid to such 
dialyzed soap was found to be followed by an increases in viscosity 
which at higher concentrations of the alkali gave way t.o a d(x;r(^aHC^. 

1 Franz Hofmeister: Arch. f. exp. Path. u. Pharm., 2(>, 6 (1BH8), 

2F. Botazzi and C. Victorow; Accad. Lincei, 19 (1910), acctcHKihle only 
as review in Kolloid-Zeitschr., 8, 220 (1911). 

3 F. Krapft and H. Wiglow: Ber. d. deut. chern. GeselL, 28, 2rm ( 1895) , 

* If it is true, as generally supposed, that the fatty acidn art; monobasic it 
becomes a difficult mental maneuver to figure out how a partial Haturstion 
of the replaceable hydrogen is going to yield an “acid” soap. While the 
concept is widely accepted, no one has ever isolated such an atud soap and 
the only reason for believing in it seems to depend upon the hid that a clear 
solution or jelly may be obtained when a fatty acid is only partially riirntralized 
with alkali in the presence of small amounts of water. But thene are the. ideal 
conditions for the production of emulsions, the emulsions in this (‘ase consisting 
of fatty acid in hydrated soap. When the indices of refraction of fatly add 
and of hydrated soap lie close together the mixture looks homogencx>us. 
Martin H. Fischer and Marian 0. Hooker: Science, 43, 468 (1916); 
Fats and Fatty Degeneration, 29 and 1(X), New York (1917b 
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J. W. McBain and Millicent Taylor ^ observed the same facts 
for sodium palmitate at 90° C. Their “acid” sodium palmitate 
was first rendered “ more colloidal ” by the addition of sodium 
hydroxid and was then salted out entirely in concentrations of 
the hydroxid above 1.5 normal. 

E. Goldschmidt and L. Weissmann ^ also studied the changes 
in viscosity of potassium soap solutions when various electrolytes 
were added to them. With increasing concentration of the added 
salt, they observed a marked increase in viscosity “ with a strong 
tendency to jelly.” In a later study ^ they verify this finding 
for the ammonium soap of palm kernel oil when various hydroxids 
or salts are added to it. Recently G. H. A. Clowes ^ has cor- 
roborated these general findings for sodium oleate. He writes: 

“Na oleate was treated with salt at different concentrations, and it 
was found that at .4 to .45M NaCl complete precipitation of the soap 
took place. It was noted, however, that prior to precipitation a tendency 
to jelly formation was exhibited in the zone from .2M NaCl to .4 or 
.45M NaCl. . . . Further tests using varying proportions of soap, vary- 
ing proportions of NaOH, and of NaCl and other salts of Na brought 
out the remarkable fact that as long as the soap employed was not too 
greatly diluted and was slightly alkaline, a jelly would be formed at all 
points between .2M Na and .45M Na, regardless of whether the Na 
was derived from NaOH, from NaCl or other salts of Na.” 

The explanations which the various authors offer of the phe- 
nomena observed — if they make the attempt at all — are for the 
most part extremely complicated. We confess to large inability 
at times to understand just what they mean, for not only do the 
different authors contradict each other but their individual con- 
cepts are often self-contradictory. As well as we can understand 
them, their views are about as follows: 

Hofmeister does not attempt to account for the jelly for- 
mation at all, but considers the separation of the soap from the 
aqueous dispersion medium as due to the “ water-attracting 
power ” of the added salt. The soap, he holds, is deprived of 
its solvent because the added salt combines with the solvent. 
This notion of Hofmeister has been much disparaged, but we 

^ J. W. McBain and Millicent Taylor: Zeitschr. f. physik. Chem., 76, 
179 (1911). 

2 F. Goldschmidt and L. Weissmann: Zeitschr. f. Elektrochem., 18, 380 
(1912). 

® F. Goldschmidt and L. Weissmann: Kolloid-Zeitschr., 12, 18 (1913). 

^ G. H. A. Clowes: Proc. Soc. Exp. Biol, and Med., IB, 114 (1916). 
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SOAIS AXf> PUhIKIXS 


an^ of tin* opinion llui! nnoh a ohaniro iir-iair anrl ilinf it in 
parllv rcsponsii^li^ fur tho plitatunif'iKi uhvi^n. ri| m fhivM* rf4!«iii! 

Butaz/J anil Vi<tuh.u\v ImM ihaf fli** uf alk.'ili in 

iluar (iinlvztal, “ a<‘i<l suap ’* lra«B' lu tip- furiiiaUMii *»f fis-tiinil 
Hoap ‘Svhi(*h nplitn liydrulyfirally, I1iu in* *li'rn|r». ffuly iiiiTizi^ 
with tin* formal ion a trur cH»llui«l .’-uluiiiai riin'i"jL:i' aiiti 

' oolloi<l ions,' vvhic'li llam l<‘a<if<»an ifirn'a.v^' in 
th(^ wa,t(‘r of tho systoiu is la-hi ni**ri' firiiii\ ilir^muh liv»lrafinfi 
or iinhihitiom" 

Mi'Bain and Taylum 4 whiln uriainally inMiHirnt f|i:if !h**ir 
8ttidi(».s undouhlodly pruv«', in uppu*^iiiiiii tu flu* %"!$’%%' *4 i\iiArrT, 
that tlH‘ normal snaps in cunfunt raff’d nrr ia»f rullMifl-M/* 

oonchuh* later, aiai mure rurup'tly wr fliink. wlnii wnrloiiic Hifli 
Hodimii palinilale Cut IttTA in tln' pr^'-Hiair*-' *4 -‘Ufliiini !iv«lru\i«h 
that th(‘y liavi^ in hand systems “ in ifv*‘i>ihl*' l■spl||lllrnllll 
Hinting of «*!(*rtrolyti\ liydrusul aial euanohiin/ " T'la* in 

eolloidnlity ohHi*m*d in their ihev aHrihnii*. in tin* inaiii, 

to the formation of aeid palmiiate/* 

(hH.nHf'HMinT aini Wnihs.M\\\ hold that a saf isifo^tun’' r'^|i}ii- 
nation of thi‘ rhnnges in the visf’«»sify of thrir Hiiafi the inflii- 

of alkalies and salts is still a unit ter of ihe fntiirr llii’y 
emphasize as faet<irs of pussihl*' wurth rhiinMi-s in fii*' Iry4fi4%'tie 
cleavagff of the soap aitf! tli*^ format ie»ii of arid h4iii|i, tteaigli how 
8Ueh faefors itef they do nut say 

ihA}wm^ hypofliesiH rends as follows: 

distMWon Na tilmu* m ivati-^r n of iiurtirlrn 

of oleie arid by means of Nat til. hnrthrf !idditioi'i.H *4 Irad it 

more iSTfeei disj«*rsion of the soap partirli-^., Mivinn in tip' liiri tluii the 
OH ion in more readily ad‘-*»rl»ei1 than itie Xn pfii Xid 1 eArri.-; ;i ’oinilar 
effect to XaOH, the (1 ioio exortinn' a di^|»*rnng effiTt tliiii 

of ilie i)H ions, hut sinee ihrv are far reipiily ihiiii lliif 

OH ioiiK their effect is efiiiM|#|priil4y ^imilier, . , , *l'lw |i»rlielf*ii 

{’K.mwMs a tiegafivi* idiargr* nllrshiifiihli* pre^^'miiiihly P* mmim. 

This t'harge prevents tlnar liiitil tip- riifeai Ilift 

Na ions n*aehw sneh a that they uh*^ roine itif** fflay aiifl In* ad’-'f^fe 
tion on the piirtielci^ tend to ifniiiteniet or ihr m-gative rhmm^ 

conveywl tiy the pnnioiisly a4sorl'#e«l ttll or 11 hois. a 11 * 1*111111 

* J. W. AhdiAiH and AlinnieKMT TAti/nr «l drnt flp-n# , li, 

321 (IfllO). 

W, McIIain and Minuefc^TTAtwiir. 2^«aisr|if f plivsili Idirin . #i 
179 (1911). 
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rnacpiitnif ioit ni the (‘aticin is n*achr<l a (ritiral zona cominanao.s in wlu(^h 
jolly foniiafion «»r proripif at ion appears to (h^pend (‘ntir(‘ly ujx)!! the irla- 
five prup«ation> «if ud>or!>e(l eations and anions. If at tin* (!ornin(*ne(‘- 
nmit of tliih erilieal /one flie re>i<Inal ii(‘|t!:at iv<‘ ehar^(^ ... is sidlieicait 
to inaiiitjiiii a |HTf»Tf di-persi(»ri . . . j(‘Ily huanation will ensues at hij^her 
eMitren! rat ions. If this n*sidual n<‘ji;ative (•harf!;(* ... is insndie.uad . . . 
if ay:u:!ntir nation, aK^cre^af ion and M‘<lim<*nta.tioii und(T flu' influ(‘ne(‘ of 
gravity ha’^ already eonnnenred. pn*eipif alion ruaa'ssarily (aisues at 
higher »«onronfrafi«ar-. ... If at tin* erilic.al point th(‘ sinn total <»f 
ad-orU-d oftionN i- n<»t .aiffieiontly in exe(*..s of that of a,dsorl)ed eations to 
inan'o piTfVrf dispersion. preeipitati(»n instead of jelly forma, tifui 
11ns I'xplanis the nere>.Mfy fora eertnin inininnim eone(‘ntration of NaOIl 
%vif!i }P rojifhly adsorhod (IH ions t<j instna* jdly (dnnation in t.h(‘ ca,s(‘ 


11i«* c’otii radifdory luitnre of tin* (‘Kplanjitions he?*(*. r(‘.viewc(l 
is wdf-i»videiit . 1o soetire the* propor results (’lowkh liolds t-hat 
tlie soap iiiiisf tn‘ ” alkaline to plienolpht liukdn.” Otir own Hoa,t>, 
wliieh in prat^fit'e worked ijuite like his, was pr(‘pa,re‘(l by adding 
to eaeli oilier the eheiniraally equivalent vveig;htH of fatty aei<l 
iiUfl alkali tienwary to yieki a “ nmitnil ” souj). In the e.oneen- 
t rut ions in whieh w«* eniploved our stork sou{> it was not alkaJinc* 
to plienolphthalein, Hie sanie kind of soap Kt.ocdi or ont^ inon* 
rieeidedly ** arifl ’’ was employed by all tin* otlua* Htudemts in 
ihiH field, In fael . it would seem that, with th(‘ (excaqition of 
C "lowkh file majority of obs<*rvers hmi imdined to tin* belied that an 
overplus of aidfi in their soap .systems was rasxmsary for an umler- 
stiiridiiig of the viseosify ehimjcvs. Ne%a*rthel{*HH, and indc‘fH*nd« 
ently eif all fiy|Mifhesis, there is reported throu|i;hout the (»xp<'ri- 
itieiifH of nil tfte.He work^Ts fineluding: our own) the same H(s|Uf‘nee 
of olwem*d fuels whieh has lieen s<*f down in detail in the* pn‘- 
eediii^ pitp*H» fiaineh% im initial inemis<» in viseosity rc»Hulting 
iilfiiiintely Hvtien fhi* soap system is not loo dilute) in gelatiorn 
folloived by ii <|eeren«» in viseosity and a gra, dually inen^aHin^ 
dehydriitiftri arnl eoiiifiiete m*imrniUm of the soap. 

t, (hi iht Thriir^i t$f ** Salfing-out ttf Sofijm, We refrain 
foiiri II. detailed eritieisin of tin* views of these* liuthors. It, is 
i4eif-ii|ipiireiit hmv nil too one-siiled notions of jelly formation in 
soups dike tin* eleelrieit!l iiiiisl eotne to gritd as soon as ii is reincan- 
ta*inf*fi lliitf. siieti Jellies may la* priwlueed from nori-ar. imams so! vend s 
itiiil liiiliydriiiis mmim and iincfer eircniinslarntcm whicdi allow of 
rioiif! of till! cirthc.M,i 0 X cnriciitbns diKtmed nectessary !m the desvelop- 




THE COLLOID-CHEMISTRY OF SOAPS 


115 


It does not matter for our purposes whether such union with 
the solvent is brought about by the naolecules or the ions or 
any other derivatives of the salt. The solvates {hydrates) after being 
formed then separate out in dispersed form in the potassium oleate, 

Diagrammatically the successive changes are illustrated in 
Fig. 74. If, to simplify matters, we represent the original pure 
• potassium oleate solution as a homogeneous system ^ as indicated 
in tube A of Fig. 74, the effect of adding some molecules of fixed ' 
alkali or salt may be represented by the diagram marked B, 
Hydration of the salt molecules has two effects: (1) It with- 
draws water from the original potassium system and thus through 
increase in the concentration of the potassium oleate tends to ^ 
stiffen the system. But this effect is probably not large as com- 
pared with (2) the effects upon viscosity of the dispersion of one 
material in a second. The increase in viscosity due to such sub- 
division of one material in a second is observed under widely 
varying circumstances. A good example for our purposes is that 
represented by the increase in viscosity when one liquid (like 
cottonseed oil) is emulsified in a second (like a soap solution). 
The mayonnaise which results may become so stiff that it 
will stand alone. But the same type of change is observed when 
a dry sand (which flows readily) is mixed with a little water 
and a mass results that can be molded. Even a gas subdivided 
into a liquid will yield such “ solid structures as when air is 
beaten into a liquid white of egg to yield a “ foam.^’ 

The viscosity of such diphasic systems — and it is well to bear 
in mind, in the case of the soaps, more x^articularly diphasic 
systems consisting of one liquid dispersed in a second or of a 
solid dispersed in a liquid — increases with every increase in the 
concentration of the internal dispersed phase and with every 
decrease in the size of the individual dispersed particles. The 
viscosity of an emulsion of liquid oil in liquid soap, for instance, 
increases as more and more oil is beaten into the soap; on the 
other hand, with a given amount of oil subdivided into a given 
volume of soap the viscosity of the mixture is increased* if the 
previously coarse emulsion is made finer by homogenizing.^' ^ 

^ It is at least a diphasic system as emphasized on page 69, but for our 
purposes we will call it a monophasic one. 

For references to the literature and specific studies of the emulsions see 
Martin H. Fischer and Marian 0. Hooker: Science, 43, 468 (1916); Fats 
and Fatty Degeneration, New York (1917). 
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SOAPS AND PHO'I'KINS 


It is such iucn^asc in lli<‘ nuinhru* of liydralod salt parficli-s 
with imu’c^asinji; conccuit ration of tlu* a<hi«*d salt that explains 
the profit rcssiv(*. irnaxxasc* in th(* viscajsily tsoo diai^rafii (‘i which, 
when tiui amount of watcu* in tia* system is not too hii^li, 
nat(^s in g(*.lation. If tint conccmtralitm of the salt in still fiirfhcr 
increased, 1h(^ time npf)roa(*lH‘s wlaai the nunihcr or size of tlii^ 
hydrated salt. partieI(‘H he(‘om<*s ho ^reat I hut they touch eaeh 
oth(^r (dia-t^rarn I)}, Wlaai this hap|M*nH a critical point has 
beem r(‘.{i(;h(‘(i and th(‘re inu.sf apjMxar a «’harif^(* iit the system, for 
th(i Ipydrahal salt. parli{’h‘S now lieconje the roiifimioiis txltrual 
phases whiles tla^ soaj) j)artiel(*.s haan tlie inirrnnl divided phase. 
Such chanp;(‘. in typr^ of emulsion evfui wifhmrf change in the 
(juanlitativt^ ndationslup of the two lifpiids ef>in|M»Hini 4 the lUiiiil* 
sion is regularly followed hy a cdiange in viseosity. This sif ualion 
is indicat(id in tube K of Fig. 74. The visramily the systeiii 
now t(ndH in the diretdiem c)f the salt solufion and so, with |iro» 
gressive additions of salt, falls, dliis is tlie r«‘gion of s4-rondary 
liquefaction after the* region of gelalitm in our f’XiMuiinenls, At 
this point, how<wa»r, the soap system also shows the first eviilenres 
of Incoming turldd. dluH is }M»eause mon* and inon* water has 
beem t.ak(ui from tlie soap ami as this iHa^oriies deliv«lrated its 
index of nvfracdhm changt*s. Being difTereiif fimiii that of flic 
dispersion naaliuni tlie mixlun^ a|i|.M»ars iniiky. TIr didiydriited 
soap partiides, Ixu'ng pohhi*hsi*< 1 of a lower s|M»eifie gravity tliiiri 
that of tlie alkaline solution or salt solution ermstitiiiiiig flu* 
diafKirHioa medium, nenv ls*giii to floiii to Ihi* |i?p ns iinlirated 
ovt^r F in Fig. 74. Whcui enough salt lias Iwaui adf!f»ri to fh*:! 
Hystern, the soap is entindy dcdiydratf^d, as slio%%ai in diagniiii 

3. On the Salting-out of Different Soaps 

The I'lreeeding pagi*H have made clear the giuiiunl liavs wfiieti 
underlie tlie sidiing-out of a soap by fliffeituif. suits. We 
now to consider the <|U(«tion of how diflennit wiaps when 

Hubjeckd to the fml ting-out effeets of a single salt., 

* It is self-evident tliat wbiit tins Iwtcii here wnllea ul llie wiltiag-fitil 
prociCM as otorvesi in soiip miumfactun* lieldfi willi rqiiiil hirer fur the 
out pr 0 Ci»ii:iii of many other technological proi^etliir*'i* m in anilifii* *iyi% 
and butter mariiifactwre. For the apphciitifiji td flie«e |#rifiri|i|f-,fi'4i^ rcrtiiifi 
phenomena of ^‘eoiigulatioid* m obfU-Tvcd in iiiilk, bhififl, ifniw’lc jiiit-c, c-tr , 
see page 233. 
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There have been many studies made of this question, but for 
the most part they refer to the salting-out of mixed soaps as 
obtained from different mixed fats. Under such circumstances 
we are obviously dealing with the salting-out of a series of soaps.^ 
We have been able to find only a single statement covering the 
salting-out of different pure soaps by a single salt. C. Stiepel - 
examined the behavior of the sodium soaps of caproic, heptylic, 
caprylic, pelargonic, capric, lauric, myristic, palmitic and stearic 
acids towards solutions of common salt. While sodium caproate 



Figure 75. 


was not salted out by a saturated solution of sodium chlorid, 
and the succeeding four soaps remained gelatinous, the laurate, 
myristate, palmitate and stearate proved insoluble successively 
in 17.7 percent (3.02 molar), 9.03 percent (1.54 molar), 6.94 
percent (1.19 molar) and 4.92 percent (0.84 molar) solutions of 
sodium chlorid. 

These values have been verified by R. J. Kronacher,^ whose 
findings for a series of sodium salts are reproduced in Fig. 75. 

^ See for example, J. LeimdOrfer: Technologie der Seife, 1, 14, Dresden 
(1911). 

2 C. Stiepel: WeyFs Einzelschriften z. chem. Tech., 1, 348, Leipzig (1911). 

» R. J. Kronacher: Personal communication (1920). 
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Molar equivaleritH of the* dilTc^ront sodium sou|)s fl ID moll 
dissolved in (‘(|ual volum(‘s of wjiter f HKHI vr.i and ilio wlioli* 
brought into homog(‘n(‘ous solution at th<‘ lrm|H*nituro nf a binlijiK 
water bath. Enough salt was tlum ad<led at ihr lagh triii|«a;it iin* 
so that on eoolirig the mixture. tc» 18'’ C*. a lirsf separation fi«»in 
the pure disixu'sion medium (salt waUu'i was observeil. If will 
be noticed that, u.s’ ///c nvdiv srrivs i.n im'indid, u Itftrrr atid lea # / 
conaatUnUton of nodium rhlifrid is nufuind fe /ai/f#/ nlHtut ei#/# 
separation. While in the eomamt rat ions of sojqj employed 
sodium caprylatf* <lid not (*oine mit in even a satiirafi'tl 
5 molar) sodium (thlorid .solution, .sodium stearate sepanUesi fff»m 
the dispcu-sion nualium \vh(*n les.s than a I molar sodium ehloiid 
concauitration j)r(‘vailed. 

A second stuies of exjH'riments tt^ illustrale lhese» general 
truths is pr(iS(‘nt(ai in Tables LV and Fig. 7h. Wliile tin* arrange^ 
merit in them^ exiH^rimcmts is intendcal h»r ttse umier sinoiher 
heading later, tin* findings fit in at tliis point. The ex|H*rimeii!s 
show the eff(‘c(s of adding th<* same voluini'.s of inereaNingly eon. 
centrated sodium hydroxid Hcdution to e«|uiinolar ainoiiiifM of 
the different fatty acids of the acetic si»ries, only ihos4» iinanberH 
being uscal in whicdi soap formation lakes place at ordinitrv room 
ternprjrature. (Soap is pHshKaal, in oftir^r warris, l#y the sieeiilleti 
(jold process.) 

Fig. 70 and Table LV show that r»nly clear solutions lire 
obtained in the <!as<^ of formic and ae<*t.ic nridH. At ifie same 
molar concentratiem, scMlium propiemate begins to b- salfeti 
out in the higher concentrations f»f the sodium hvfiroxiii. As 
we ptisB to the sodium bulyrnte, scMlium valf*riite, Hmlium fiiproafie 
scKlium caprylafe, sodium capmteand sodium liuirnle, thi* sailing- 
out eflfect moves little by little Ut tfif- left, Tho ex|w»riiiiiuit 
again shows theriToni that a mmp of the mriir mrim im Mtdirtl *mi 
with increamm earn (by nmlium hydroxid, in Ihin iminnrri m irr 
mcend the nertee. 

Fig. 76 and Table LV illuHtrak^ fiowevcr, ii si*coiifi fniirif. |ip»- 
viously commented utKm. It will !m» obsi»n^ed thui b*giiiiiiftg 
with sodium butyrah* and going up in the rlieini«»itl mmm om* or 
more tubes art^ filleel with solid gels. This is beeaii»% m we ^eem! 
the series, soaps of an incrr:*a«ing gelation capitcify are imnhmHl, 
The final pictures seen in the pliologritfili in tlierefiire the 
composite reprciscuited by (a) the iiriMiiicdifiri of mmfm immmmHi 
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Figubb 76. 
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80AI\^ AND I^HOTEINS 


by themselves of an in(;reasin|i; gelation eapa(*ity ami (hi af an 
incHMised sensitiveness to the salting-ont effect hy an exeesn af 
sodium hydroxid. 


TABI.K XXVI 

IV)TAHsn'M Oi-KATK Vntitsmnm Hiftirand 


Ooiurntraf ion of mixftin- 


ICrno-sf 


(1) 

5 {•<•. i>f>tii»«inrn < 

f ft rr. 

H7<M I vr A n Knll 


(2) 

f) (■<•. 

" t H fi*. 

•' f2rf '* " 

l.ninnl 

Gi) 

>i re, * ' 

" 17 rr. 

' ' I ,'i rr. ' ' 

: t o-l 

Oi) 

r> cc. ‘ ' 

" f 0 rr. 

* ' f I rr, * ' 

fai 

(h) 

f» (•('. ‘ ' 

• * f r. o<-. 

• ' f 5 rr ■ ' 

Hrh%'^lran»"tn wn'l 

1 fkiiptn 

ffi) 

f) rr. * ' 

' ■ M I'r 

* ’ 1 fi ’ 

\ %ir4 

(7) 

r> t’f. 

• ' f 3 r<< 

" f7#r " " 

; Ifjrfrji.aUlilJ 3H»4 

riiOoft 

(K) 

f» (•(*, ' ' 

• ' ri <r 

" kh i-r ■ ’ 

Ifirri^swini! flr|jv4t4n'^n 'fufs*! 


o ct*. ' ' 

• ’ f 1 

' ' i ft rr ' ■ 

IlirjrSsi.'Bjng 

(10) 

ft V(\ ' ' 

" } KH-r 

» K(»n 

1 

fJrrat 4«*I»y4r««f‘'4i mija 

f 

(11) 

r» «•<’, ' ’ 



XJolnIr Inisn*! 


TAHI.K XXVII 

PoTAHHit'M Dnr.ATK Swiium liipiranti 


e Vnu'Mitrttttori of miKtnrt* llrfirtfV® 


(1) 

5 ad. 

rx>tawiiwmo)diitd fft 5dd, Hs^> fO ,1 

Fdd ooNaOfl 



(2) 

Aea. 

*' " -fft dd. ' 

’ fl 

dd " 

1 l4f|lll<l 


(3) 

o dd. 

" *' -fH dd. ' 

' 1-2 

dd ' ’ * ' 

1 iidi 


(4) 

o dd. 

" *' 1-7 dd. • 

' 1-3 

dd ' ' ” 

1 lidgiftftifig ftfi4 

fUfjiofj 

mfm-- 

(5) 

dd. 

" " M’» df*. ' 

• f -1 

dd " *' 

llidrrimmg *|dli"y4f «f lofi »«*i 

P0pf^. 

(6) 

/) dd. 

•• •• ' 

' i-fi 

dd, *' " 

; ifirf-dSi^jflg 4dl}|'«|.f:i^f|of? I*ti4 


(7) 

f) dd. 

“ •• MOdd. f»ri M»Olt 


\ Ofdfil (rld!l|f4rjiiioti 

1 U«m 

(B) 

5dd, 

" “ f HI dd. mo (donlfot) 

1 Xfoliilr 
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TABLE XXVni 


Potassium Oleate — Ammonium Hydroxid 


\ 


Concentration of mixture. 


Remarks. 


(1) 5 cc. potassium oleate+G cc. H 2 O+I cc. 5 n NH 4 OH 


(2) 5cc. 

‘ ‘ 

“ -f-8cc. “ 

•+2 cc. “ 


(3) 5 cc. 

‘ ‘ 

“ -f7cc. “ 

-i-3 cc. “ 


(4) 5 cc. 


“ -f6cc. “ 

4-4 cc. “ 


(5) 5cc. 


“ -1-5 cc. “ 

4-5 cc. “ 


(6) 5 cc. 


“ -t-4cc. “ 

4-6 cc. “ 


(7) 5cc. 


“ -i-3cc. “ 

4-7 cc. “ 


(8) 5cc. 


“ -1-2 cc. “ 

•4-8 cc. “ . 


(9) 5 cc. 


“ -f-lcc. “ 

4-9 cc. ‘ ‘ 


(10) 5cc. 


“ -MOcc. 5nNH40H 


(11) 5cc. 

* * 

' ‘ -h 10 cc, H 2 O (control) 



Mobile liquid 
Mobile liquid 
Mobile liquid 
Mobile liquid 
Mobile liquid 
Mobile liquid 
Mobile liquid 
Mobile liquid 
Mobile liquid 
Mobile liquid 
Mobile liquid 


TABLE XXIX 

Potassium 0-leate — Potassium Fluorid 


Concentration of mixture. 

Remarks. 

(l) 5 cc. potassium oleate4-9 cc. H 2 O 4 -I cc. 2 m KF 

Mobile liquid 

(2) 5 cc. 

“ “ 4-8 cc. “ 

4-2 cc. “ “ 

Slightly viscid 

(3) 5 cc. 

“ “ 4-7 cc. “ 

4-3 cc. “ “ 

Stiff gel 

(4) 5 cc. 

“ “ 4-.6 cc. “ 

4-4 cc. “ “ 

Stiffest gel 

(5) 5 cc. 

“ “ 4-6 cc. 

4-5 cc. “ “ 

Viscid, faintly turbid 

(6) 5 cc. 

“ “ 4-4 cc. “ 

4-6 cc. “ “ 

Slightly viscid, turbid 

(7) 5 cc. 

“ “ 4-3 cc. “ 

4-7 cc. “ “ 

Mobile, turbid 

(8) 5 cc. 

“ “ 4-2 cc. “ 

4-8 cc. “ “ 

Mobile, turbid 

(9) 5 cc. 

“ “ 4-1 cc. “ 

4-9 cc. “ “ 

Mobile, turbid, beginning dehy- 




dration 

(10) 5cc. 

“ “ 4-10 cc. 2 m KF 

Mobile, increasing dehydration 

(11) 5cc. 

“ “ 4-10 cc. H 2 O (control) 

Mobile liquid 
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TABLE XXX 


Potassium Oleate — Potassium Chlorid 


Concentration of mixture. 

llemarks. 

(1) 5 cc. potassium oleate 4-9 cc. H 2 O 4 -I cc. 2 m KCl 

Mobile liquid 

(2) 5 cc. 

“ 4-8 cc. “ 

4-2 cc. “ “ 

Viscid 

(3) 5cc. 

“ 4-7 cc. “ 

4-3 cc. “ “ 

Stiff gel 

(4) 5cc. 

“ 4-6 cc. “ 

4-4 cc. “ “ 

Stiffest gel 

(5) 5oc. 

‘ * 4~5 cc. ‘ ‘ 

4-5 cc. “ “ 

Stiff gel 

(6) 5cc. 

“ 4-4 cc. " 

4-6 cc. “ “ 

Viscid 

(7)5cc. 

“ 4-3 cc. “ 

4-7 cc. “ “ 

Less viscid, slightly turbid 

(8)5cc. 

“ 4-2 cc. “ 

4-8 cc. “ “ 

Mobile, turbid 

(9) See, 

“ 4-1 cc. “ 

4-9 cc. “ “ 

Mobile, turbid 

(10) 5 cc. 

“ 4-10 cc. 2 

m KCl 

Mobile, turbid, beginning dehy- 




dration 

(11) 5cc. 

“ 4-10 cc. H 2 O (control) 

Mobile liquid 


TABLE XXXI 

Potassium Oleate — Potassium Bromid 


Concentration of mixture. 

Remarks. 

(1) 5 cc. potassium oleate 4- 6.0 cc. H 2 O 4-4.0 cc. 2 m KBr 

Stiff gel 

(2) 5cc. 

“ 4-5.0 cc. 

“ -fS.Occ. “ “ 

Stiffest gel 

(3) 5 cc. 

“ 4-4.0 cc. 

“ 4-6.0 cc. “ “ 

Less stiff gel 

(4) 5 cc. 

“ 4-3.5 cc. 

“ 4-6.5 cc. “ “ 

Less stiff gel 

(5) 5 cc. 

“ 4-3.0 cc. 

“ 4-7.0 cc. “ “ 

Markedly less stiff 

(6) 5 cc. 

“ 4-2.5 cc. 

“ +7.5 cc. “ ** 

Markedly less stiff 

(7) 5cc. 

“ 4-2.0 cc. 

“ +8.0 cc. “ “ 

Markedly less stiff 

(8) 5 cc. 

“ 4-1.5 cc. 

“ +8.5 cc. “ “ 

Markedly less stiff 

(9) 5cc. 

“ 4-1.0 cc. 

“ +9.0CC. “ “ 

Beginning dehydration 

(10) 5cc. 

“ 4-0.5 cc. 

“ +9.5 cc. “ “ 

Increasing dehydration 

(11) 5cc. 

“ 4-10 cc. 2 

m KBr 

Marked dehydration 

(12) 5 cc. 

“ 4-10 cc. H 2 O (control) 

Mobile liquid 


TABLE XXXII 

Potassium Oleate — Potassium lodid 


Concentration of mixture. 

Remarks. 

(1) 5 cc, potassium oleate + 8 cc. 

H 2 O +2 cc. 2 m KI 

Slightly viscid 

(2) 5 cc. 

“ +7cc. 

“ +3cc. “ “ 

Stiff gel 

(3) 5 cc. 

" +6cc. 

“ +4cc. “ “ 

Stiffest gel 

(4) 5 cc. 

“ +5cc. 

+5cc. “ “ 

Stiff gel 

(5) 5 cc. 

“ +4 cc. 

“ +6cc. “ “ 

Viscid 

(6) 5 cc. 

“ +3cc. 

+7cc. “ “ 

Slightly viscid 

(7) 5 cc. 

' “ +2cc. 

“ +8cc. “ “ 

Slightly viscid 

(8) 6 cc. 

“ +1 cc. 

“ +9cc. “ “ 

Beginning dehydration 

(9) 5cc. 

“ +10cc. 2mKI 

Increasing dehydration 

(10) 5 cc. 

“ +10 cc. H 2 O (control) 

Mobile liquid 
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TABLE XXXIII 

Potassium Oleate — Potassium Nitrate 


Concentration of mixture. 

Remarks. 

(1) 5 cc. potassium oleate 4-9 cc. H 2 O 4 -I cc. m KNOa 

Mobile liquid 

(2) 5cc. 

“ -1-8 cc. 

‘ +2cc. “ “ 

Mobile liquid 

(3) 5cc. 

“ -f7cc. 

‘ +3cc. “ “ 

Liquid 

(4) 5cc. 

“ -fOcc. 

‘ +4cc. “ “ 

Increasing viscidity 

(5) 5cc. 

“ -hSec. 

‘ +5 cc. “ “ 

Increasing viscidity 

(6) 5 cc. 

“ -f4 cc. 

‘ +6cc. “ “ 

Increasing viscidity 

(7) 5cc. 

“ -43 cc. 

‘ +7cc. “ “ 

Increasing viscidity 

(8) r>cc. 

‘ ' +2 cc. 

‘ +8cc. “ “ 

Increasing viscidity 

(9) 5cc. 

“ +1 cc. 

‘ +9cc, “ “ 

Gel 

(10) 5cc. 

“ -f-10 cc. m KNO 3 

Gel 

(ll)5ec. 

‘ ' +10 cc. H 2 O (control) 

Mobile liquid 


TABLE XXXIV 

Potassium Oleate — Potassium Nitrate 


Concentration of mixture. 

Remarks 

(1) 

5 cc. 

potassium oleate + 9 cc. H 2 O + I cc. 4 m KNOa 

Mobile 



(2) 

5 cc. 

“ “ +8cc. 

" +2cc. “ 

Gel 



(3) 

f) cc. 

“ “ +7cc. 

+3cc. “ 

Stiff gel 



(4) 

5 cc. 

“ “ +6 cc. 

“ +4 cc. “ 

Stiff gel 



(5) 

5 cc. 

“ " +5cc. 

“ +5 cc. “ 

Viscid 



(b) 

5 cc. 

“ “ +4 cc. 

“ +0 cc. “ 

Viscid 



(7) 

5 cc. 

“ “ +3cc. 

“ +7 cc. “ 

Less viscid 



(8) 

5 cc. 

“ “ +2cc. 

“ +8 cc. “ 

Less viscid 

• 


(9) 

5 cc. 

“ “ +lcc. 

“ +9 cc. “ 

Less viscid ; 

crystallization 

of 





KNOs 



(10) 

5 cc. 

“ “ +10 cc. 

4 m KNOa 

Less V scid ; 

crystallization 

of 





KNOa 



(11) 

5 cn 

“ “ +10 cc. 

H 2 O (control) 

Mobile liquid 




TABLE XXXV 

Potassium Oleate — Potassium Sulphocyauate 


Concentration of mixture. 

Remarks. 

(1) 5 cc. potassium oleate +9 cc. H 2 O +1 cc, m KCNS 

Mobile liquid 

(2) 5 cc. 

“ +8cc. 

“ +2 cc, “ •• 

Mobile liquid 

(3) 5 cc. 

“ +7 cc. 

‘‘ +3 cc. “ “ 

Increasing viscidity 

(4) 5 cc. 

“ +6cc. 

“ +4 cc. “ “ 

Increasing viscidity 

(5) 5cc. 

“ +5 cc. 

“ +5 cc. " “ 

Increasing viscidity 

(6) 5 cc. 

“ +4 cc. 

“ +6 cc, " " 

Increasing viscidity 

(7) 5 cc. 

“ +acc. 

“ +7 cc. “ “ 

! Gel 

(8) 5cc. 

“ +2cc. 

“ +8 cc. '' " 

Stiff gel 

(9) 5cc. 

“ +1 cc. 

“ +9 cc, “ 

Stiff gel 

(10) 6cc. 

“ +10 cc. 

m KCNS 

Stiff gel 

(11) 5cc. 

“ +10 cc, H 2 O (control) 

Mobile liquid 
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TABLE XXXVr 


Potassium Oleate — Potassium Sulphocyanate 


(1) Scc.i 

(2) 5cc. 

(3) 5 cc. 

(4) 5 cc. 

(5) 5 cc. 

(6) 5cc. 

(7) 5 cc. 

(8) .5 cc. 

(9) 5 cc. 

(10) 5cc. 

(11) 5cc. 

(12) 5cc. 


Concentration of mixture. 


potaj eate+6.0cc. H20+4.0cc.2m KCNTS Stiff gel 



+5.0CC. 
+4.0cc. 
+3 . 5 cc. 
+3.0CC. 
+2.5CC. 
+2.0CC. 
+ 1.5CC. 
+ 1.0CC. 
+0. 5cc. 


+5.0cc. 
+6.0cc. 
+6. 5cc. 
+7.0CC. 
+ 7.5CC. 
+8.0cc. 
+8. See. 

4-9.0CC. 

+9. 5cc. 


+ 10 cc. 2 m KCNS 
+ 10 cc. H 2 O 


Stiff gel 
Lchs stiff gel 
Less stiff gel 
Viscid liquid 
Viscid liquid 
Liquid 
Liquid 
Liquid 
Litjuid 
Liquid 

Mobile liquid 


TABLE XXXVri 


Potassium Oleate — Potassium Sulphocyanate 


(1) 5cc. 

(2) 5cc. 

(3) 5cc. 

(4) 5cc. 

(5) Sec. 


Concentration of mixture. 


potassium oleate+6. Occ. H 2 O+ 4 .OCC .4 m KCNS Turbid, liquid 


+5.0CC, 

+4. Occ. 
+3.5 cc. 
+3. Occ. 


+5. Occ. 
+6. Occ. 
+6. See. 
+7. Occ. 


(10) See. 


(11) See. 


+ 10 CO. 4 m KCNS 


+ 10 cc. H 2 O (icontrol) 


Turbid, liquid 
Turbid, liquid 
Beginning dehydration 
Increasing dehydration with 
decrease in amount of soap gel 
and increase in collar of dehy- 
drat(‘d soap 

Incrfuising dehydration with 
decrease in amount of soap 
gel and increase in collar of 
dehydrated soap 
Increasing dehydration with 
decrease in anriotmt of soap 
gel and increase in collar of 
dehydrated soap 
Increasing dehydration with 
decrease in amount of soap gel 
and increase in collar of dehy» 
drated soap 

Increasing dehydration with 
decrease in amount of soap gel 
and increase in collar of dehy- 
drated soap 

Increasing dehydration with 
dexrease in amount of soap gel 
and increase in collar of dehy- 
drated soap 

Increasing dehydration with 
decrease in amount of loap gel 
and increase in collar of dehy- 
dration soap 
Mobile liquid 
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TABLE XXXVIII 

Potassium Ole ate — Potassium Acetate 

Concentration of mixture. Rerr 


. potassium oleate-1-9 cc. H2O + I cc. m KC2H3O2 Mobile liquid 


(3) 5 cc. 

(4) 5 cc. 

(5) 5 cc. 

(6) 5 cc. 


(10) 5cc. 


+ 10 cc. m KC 2 H 3 O 2 
+ 10 cc. H 2 O (control) 


Mobile liquid 
Viscid, slightly turbid 
More viscid and turbid 
Soft, turbid gel 
Beginning dehydration 
Increasing dehydration with sep- 
aration of white soap 
Increasing dehydration with sep- 
aration of white soap 
Increasing dehydration with sep- 
aration of white soap 
Increasing dehydration "^vith sep- 
aration of white soap 
Mobile liquid 


TABLE XXXIX 


Potassium Oleate — Dipotassium Sulphate 


Concentration of mixture. 


(1) 

5 cc. potassium oleate +9 cc. HjO + 1 cc, m/2 K 2 SO 4 1 

Mobile liquid 

(2) 

5 cc. 

“ +8cc. “ 

+2cc. “ 

Mobile liquid 

(3) 

5 cc. 

“ +7cc. “ 

+3 cc. “ 

Liquid 

(4) 

5cc. 

“ +6cc. “ 

+4 cc. “ 

Liquid 

(5) 

5cc. 

“ +5cc. “ 

+5cc. “ 

Increasing viscidity 

(6) 

5cc. 

“ +4cc. “ 

+6cc. “ 

Increasing viscidity 

(7) 

.5cc. 

“ +3cc. “ 

+ 7cc. “ 

Increasing viscidity 

(8) 

5cc. 

“ +2cc. “ 

+8cc. “ 

Increasing viscidity 

(9) 

5cc. 

+lcc. “ 

+9cc. “ 

Gel 

(10) 

5cc. 

+10 cc. m/2 K 2 SO 4 

Gel 

(11) 

5cc. 

“ +10 cc. H 2 O (control) 

Mobile liquid 


f 
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TABLE XL 

Potassium Oleate — Dipotassium Tartrate 


Concentration of mixture. 

Remarks. 

(1) 5 cc. potassium oleate +9 cc. H 2 O 4 -I cc. m K 2 C 4 H 4 O 6 

Mobile liquid 

(2) 5 cc. 

“ +8cc. 

“ +2cc. “ 

Liquid 

(3) 5 cc. 

“ “ +7 cc. 

“ +3 cc. “ 

Viscid liquid 

(4) 5 cc. 

“ “ +6 cc. 

“ +4 cc. “ 

Gel 

(5) 5 cc. 

" “ +5cc. 

“ +5 cc. “ 

Stiffest gel 

(6) 5 cc. 

“ “ +4 cc. 

“ +6 cc. “ 

Gel 

(7) 5cc. 

“ “ +3cc. 

'' +7cc. “ 

Gel 

(8) 5 cc. 

“ “ +2 oc. 

“ +8cc. “ 

Viscid liquid 

(9) 5 cc. 

“ “ +lcc. 

“ +9 cc. “ 

Liquid 

(10) 5 cc. 

“ “ +10 cc. 

m K2C4H40fi 

Liquid 

(11) 5cc. 

“ “ +10 cc. H 2 O (control) 

1 Mobile liquid 


TABLE XLI 

Potassium Oleate — Dipotassium Phosphate 



Concentration of mixture. 

Remarks. 

(1) 5 cc. potassium oleate +9 cc. H 2 O + I cc. m K2HP04 

Mobile liquid 

(2) 6cc. 

“ +8 cc. 

“ +2 cc. “ 

Liquid 

(3) 5 cc. 

“ “ +7 cc. 

“ +3cc. “ 

Clear viscid liquid 

(4) 5cc. 

“ “ +6cc. 

“ +4 cc. “ 

Clear stiff gel 

(5) 5 cc. 

“ " +5cc. 

“ +5 cc. “ 

Turbid liquid 

(6) 5 cc. 

“ “ +4 cc. 

“ +6cc. “ 

Turbid liquid 

(7) 5cc. 

“ “ +3cc. 

“ +7 cc. “ 

Turbid liquid 

(8) 5 cc. 

“ “ +2 cc. 

“ +8cc. “ 

Beginning dehydration 

(9) 5cc. 

“ “ +lcc. 

“ +9 cc. “ 

Greater dehydration 

(10) 5 cc. 

“ “ +10 cc. 

m K2HPO4 

Greatest dehydration, dispersion 
medium milky 

(11) 5cc. 

“ “ +10 cc. H 2 O (control) 

Mobile liquid 


TABLE XLII 

Potassium Oleate — Tripotassium Citrate 


Concentration of mixture. 

Remarks. 

(1) 

5 cc. potasium oleate +9 cc. H 2 O + I cc. m 

KsCeHaOr 

Mobile liquid 

(2) 

5 cc. 

“ “ +8cc. 

‘ +2cc. “ 


Liquid 

(3) 

5 cc. 

“ “ +7cc. 

‘ +3cc. “ 


Clear gel 

(4) 

5 cc. 

“ “ +6cc. 

‘ +4 cc. * ‘ 


Clear viscid liquid 

(5) 

5 cc. 

“ “ +5cc. 

‘ +5cc. “ 


Clear liquid 

(6) 

5 cc. 

“ “ +4cc. 

‘ +6cc. “ 


Turbid liquid 

(7) 

5 cc. 

" “ +3cc. 

‘ +7cc. “ 


Beginning dehydration 

(8) 

5 cc. 

“ “ +2cc. 

‘ +8 cc. ‘ ‘ 


Great dehydration 

(9) 

5 cc. 

“ “ +lcc. 

‘ +9 cc. “ 


Great dehydration 

(10) 

5 cc. 

“ +10 cc. m KsCeHtOz 


Great dehydration 

(11) 

5 cc. 

“ “ +10cc. H 2 O 


Mobile liquid 
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TABLE XLIII 

Potassium Ole ate — Potassium Hydroxid-\- Potassium Chtorid 




Concentration of mixture. 


Remarks. 


(1) 

5 cc. potassium oleate +2 cc. 5 n 

KOH + 7 cc. H 2 O + 1 cc. m KCl I 

Stiff gel 


(2) 

5 cc. 

“ H-2cc. “ 

‘‘ +6cc. ‘ 

‘ +2cc. “ “ 

Stiff gel 


(3) 

5 cc. “ 

“ +2cc “ 

“ +5cc. ‘ 

+3 cc. “ “ 

Stiff gel 


.(4) 

5 cc. 

“ 4-2cc. “ 

‘ ‘ +4 cc. ‘ 

‘ +4cc. “ “ 

Stiff gel 


(5) 

5 cc. 

“ 4-2cc. “ 

“ +3cc. ‘ 

‘ +5cc. “ “ 

Less stiff gel, slightly 
turbid 

(6) 

5 cc. “ 

“ -f2cc. “ 

“ +2cc. ‘ 

‘ +C cc, “ “ 

Decreasingly stiff 
slightly turbid 

gel, 

(7) 

5 cc. “ 

‘ ‘ +2 cc. ‘ ‘ 

“ +lcc. ‘ 

‘ +7cc. “ “ 

Decreasingly stiff 
slightly turbid 

gel. 

(8) 

5 cc. “ 

“ +2cc. “ 

‘ ‘ +8cc. m 

KCl 

Decreasingly stiff 
slightly turbid 

gel, 

(9) 

(10) 

5 cc. 

5 cc. ‘ ‘ 

“ 4-2cc. “ “ +8 cc. HsO- (control) 

“ +10 cc. H 2 O (control) 

Gel 

Mobile liquid 



TABLE XLIV 

Potassium Ole ate — Potassium Hydroxid-\-Potassmm Chlorid 




Concentration of mixture. 


Remarks. 


(1) 

5 cc, potassium oleate +2 cc. 10 n KOH +7 cc. 

H 2 O + ICC. rn KCl 

Gel, beginning 
dration 

dehy% 

(2) 

5 cc. 

“ +2cc. “ 

“ +0cc. 

'* +2cc. “ “ 

Gel, increasing 
dration 

dehy- 

(3) 

5 cc. 

“ +2cc. “ 

“ +5cc. 

“ +3cc. “ “ 

Gel, increasing 
dration 

dehy- 

(4) 

5 cc. 

“ +2cc. “ 

“ +4cc- 

“ +4cc. “ “ 

Gel, increasing 
dration 

dehy- 

(5) 

5 cc. 

‘ * +2 cc. ‘ ‘ 

“ +3 cc. 

** +5cc, “ “ 

Gel, increasing 
dration 

dehy- 

(6) 

5 cc. 

“ +2cc. “ 

“ +2cc. 

“ +6cc. “ “ 

Gel, increasing 
dration 

dehy- 

(7) 

5cc. 

“ +2cc. “ 

“ + 1 cc. 

“ +7cc. “ “ 

Gel, increasing 
dration 

dehy- 

(8) 

5 cc. “ 

“ +2cc. “ 

“ +8cc. 

m KCl 

Marked dehydration 
and separation 

(9) 

(10) 

5cc. 

5 cc. 

“ +2cc. “ “ + 8 cc. H 2 O (control) 

“ +10 cc, H 2 O (control) 

Clear gel 

Mobile liquid 
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TABLE XLV 


PoTAHHiUM OiJCATK — PoUiHsium (!hlori(l"{~ PotaHHiuni Hydroxul 




Concentration of itiixturc. 

HcimirkM, 

(1) 

5 cc. potaHsium ol(‘ate-}-2 cc. 

m KCI+7 cc. H 2 O + 1 cc. 5 ii KOH 

ViHcid 

(2) 

5 cc. 

* * +2 cc. 

“ “ f*0 cc. “ f2 (•<•. “ 

Stiff gel 

0) 

5 CO. ‘ ‘ 

“ i-2cc. 

“ *• .|.5 

Stiff gel 

(4) 

5 M. 

* ‘ 1-2 cc. 

“ ** +4 cc. “ f-4 cc. “ 

Lena lit iff gel, begin- 
ning ilehydrsition 

(5) 

r> cc. 

‘ ‘ 1-2 cc. 

“ *' -f-.'t cc. ** } ."> cc. " “ 

IiUT<*ttHing <l<«hy(Irn- 
tion and depuration 

(6) 

5 ra. “ 

“ f2cc. 

“ “ f-2 cc. “ f(icc. “ 

Inereiming dehydra- 
tion and ficpuration 

(7) 

5 CO. “ 

‘ * f 2 cc. 

‘ * “ f 1 cc. “ } 7 cc. “ 

Inereaning <iehydra- 
tion and depuration 

(S) 

5 CO. * ' 

“ f2cc. 

* ■ “ f .H cc. r* n K( >H 

Inereaning dehy«lra- 
tion and aepuTUtiiin 

(9) 

T) cc. “ 

*• f2cc. 

* ‘ “ f H cc, Haf ) front roD 

.Mobile liquid 

(10) 

5 cc. “ 

“ M0c( 

flat > (corjtrol) 

Mobile li<iuid 


TAIU.K XLVI 

PoTAKKUJM OhKh'VV.— Polmmum Uydrond ^ Swlium (*hhrid 


of inixturi*. | Ui’tofirkiN. 


(1) 

6 cc. pota88iumoIeat<i*f3 cc, 5 11 KOH 

47 ec. 

iltO f 1 cc. m NaCl 

Stiff gel 

(2) 

5<fC. 

** f2ce. •• *• 

f 11 re, 

“ f2cc. “ ■' 

Stiff gel, ulight tur- 
bidity 

(3) 

5cc. 

“ -j-2cc. '* “ 

f 5 ec. 

“ face. “ “ 

Stiff gel, dlight tur- 
bidity 

(4) 

5cc. 

** +2eo. *• “ 

f 4 e<'. 

•• fire •• " 

Stiff gel, alight tur- 
bidity 

(5) 

5C0. 

-f-2cc. *• *• 

fa ec. 

' ' f ft ec ' ' “ 

Stiff, gel alight tur- 
bidity 

(6) 

5 00. 

** 4-2 00.“ “ 

f 2 ec. 

“ flicc. “ “ 

(lei witfi Wginmiig 
dehyrlralion and 
tU'tiuration 

(7) 

f>oc. 

“ +2oc. “ “ 

41 ec. 

“ 47ec. “ “ 

^ (Ireat dehydratt«*n 

1 and miparation 

(H) 

f» 00. 

“ +2oe. “ “ 

4 Her, 

m NaC’l 

(Ireat dehydration 

arid iWiparation 

(9) 

5 00. 

“ 4-2 00. “ 

■f H ec. H 3 O (ctjiiirol) 

1 Viaeid 

(10) 

5cc. 

“ 419 oc. H 3 O (control) 


1 Mobile lb{iii<l 



THE COLI^Oin-CIIKMISTItV OF SOAPS 


129 


TAitiJ-; xi.vn 

P(KrAHHn*M -StHitum <*hland f Pfitwmtim Hydroiid 


f ‘iifirrntrah«»n of muturr 


fUmiiirk®,- 


fl) 

.*) rr, jM 

tuwtyifj t4ratr f 2 rr, m N'flCI I- 7 rr 

ff^o 1 1 rr r,n K<»H 

\ wrid 

(2> 

.'f rr. 

’ ‘ f 2 rr, ' ' ' ’ If !■» rr 

t 2 rr 

Ht»f| grl 

Ci) 

.'i <■*' 

»2rr ■' •* r.'irr 

" j 4 rr '• " 

Hfliff gri, fttijiht fyr- 
iudity 

(4) 

:i rr. 

i 2 rr * • • ' » f rr. 

' i i r. '■ " 

HtiH Mrl, hrt|»»i»lina 

4«'hy<l* 

nr|tRrfif jom 

C5} 

Tt <•<*, 
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TABLK XLIX 

PoTAKsniM Olkatk — Sodium dhlorid 


C’()iuM*nt.rati<>r» of mixturo. 


HpinnrkH. 


( 1 ) 

5 i'X'.. 

potuHHiiiia oloatcHhl) <*c. 

or. m NaCl 

Li(pu<l 

(2) 

5 vv. 

“ * • -f-B (•<*. 

'* +‘2 or. “ “ 

laqttid 

(3) 

r> (‘(\ 

•• h7ro. 

“ +-1<'C. “ “ 

Slif(htly vincid 

(4) 

r> cc. 

" “ { (> rc. 

" f- l cc. “ “ 

flcl 

(f)) 

r, or. 

“ ** 1 T) rc. 

'• focc. “ *' 

( 1 <‘I 

((•») 

f) re. 

.. •• {.,.1 

'• f-(»cc. “ “ 

(Ird 

(7) 

r> cc. 

" “ l.'irc. 

" f 7 cc, ** “ 

Bchm vjHf’id K<’I 

(H) 

f) rc. 

" ** j 2 rc. 

■ ‘ f S or. ‘ • • ' 

HcKiaoiiiK <l<*l«yflration arul 
raf ion 

( 0 ) 

r> or. 

.. .. 

*• { {)cc. “ " 

Inrrcjihcd flchydruti<»a and aci>a- 
rnt i(tn 

(lOj 

Si 00. 

“ " flOcr 

'. m Nat'l 

‘ IncrcjiHcd dchydnifion and acpii- 
ration 

( 11 ) 

f) or. 

“ •• f-lOcc. H 3 O (control) 

Mol»ilc liquid 


TAHLH I. 

PoTAHHitiM Or.KATi*: -Ammonium (Uilorvl 


Ooiieoutration of rnixturo, 


UoiiiarkM. 


(I) Si 00 . jioUittHiiun olcatc 

•fO or. Hal) I I <*c. in 

1 Mobile, aiitciiti.v turbifl itqnid 

(2) r» cc. 

f 8 or. " f 2 cc. ** 

Mobile, aliglitly turbid bqubl 

(3) r»cc. 

f 7 cc, ** f 3 cc. '* ’* 

Mfdulc, alightly turbid liquid 

(4) r» cc. " “ 

4*0 cc. * ‘ f 4 cc, * ‘ * ’ j 

Middle, filiichtly turbid Uquiii with 



proKrcaaivcly thicker collar 

fr») St 0 . 0 . 

•f "0 cc. '* f Ticc. 

Mrddle, aliichtly turbid li«|ui<I w ith 



pr*»j 3 !res»i vely thicker collar 

(fi) Si cc, 

4" 4 cc, ' * -f-d cc, ** " 

Mobile, idiichtly turbid liqttid with 



I)rf>Krcwively thicker crdlar 

(7) 5cc. 

f 3 cc, * ' 4*7 **<•. ** " 

Mobile, alijythtly (urbiti lietuid with 



progrcHMi \*ely thicker collar 

(8) f>cc. 

42 cc. •• f Kcc. •* 

Mfdulc, alitchtly turbid li«juid with 



prf»Krej«ivcly thicker collar 

(9) 5 cc, " " 

41 or. ** 4fl ** *' 

White mobile liquid 

(10) 5 00 . 

4 10 cc. rn NIl 4 a 

White mobile liquifl 

(U) 5cc. 

4 10 cc. HiO (control) 

Mobile Hejuid 


TUK <HJLU)1IM‘HKMISTRV OF HOAFS 
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F<iT\H.Hir\l Oi,i;\Ti'; .\f(t(jnrHium (^hUrrui 
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TABLE LIII 

Potassium Oleate — Cupric Chlorid 




Concentration of mixture. 

Remarks. 

(1) 

5 cc. potassium oleate +9 . 99 cc. H 2 O -j-0 . 01 cc. m CuCl 2 

Clear liquid 

(2) 

5 cc. 

“ “ +9.8 cc. 

“ +0.2 cc. “ “ 

Turbid liquid 

(3) 

5 cc. 

“ “ +9 . 5 cc. 

“ +0.5 cc. “ “ 

More turbid liquid 

(4) 

5 cc. 

“ “ +9.0 cc. 

“ +1.0 cc. “ “ 

Milky liquid 

(5) 

5 cc. 

“ “ +8.0 cc. 

“ +2.0 cc. “ “ 

Dry masses of copper soap 
swimming in free dispersion 
medium 

(6) 

5 cc. 

“ “ +7.0 cc. 

‘ ‘ +3 . 0 cc. “ * * 

Dry masses of copper soap 
swimming in free dispersion 
medium 

(7) 

5 cc. 

“ “ +6.0 cc. 

“ +4.0 cc. “ “ 

Dry masses of copper soap 
swimming in free dispersion 
medium 

(8) 

5 cc. 

“ “ +5.0 cc. 

“ +5.0 cc. “ “ 

Dry masses of copper soap 
swimming in free dispersion 
medium 

(9) 

5 cc. 

“ “ +4.0 cc. 

“ +6.0 cc. “ “ 

Dry masses of copper soap 
swimming in free dispersion 
medium 

(10) 

5 cc. 

“ “ +3.0 cc. 

“ +7.0 cc. “ “ 

Dry masses of copper "soap 
swimming in free dispersion 
medium 

(11) 

5 cc. 

“ “ +2.0 cc. 

“ +8.0 cc. “ “ 

Dry masses of copper soap 
swimming in free dispersion 
medium 

(12) 

5 cc. 

“ “ + 1 . 0 cc. 

“ +9.0 cc. “ “ 

Dry masses of copper soap 
swimming in free dispersion 
medium 

(13) 

5 cc. 

“ “ +10 cc. m 

CuCL 

Dry masses of copper soap 
swimming in free dispersion 
medium 

(14) 

5 cc. 

“ “ +10 cc, H 2 O (control) 

Mobile liquid 
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TABLE I.IV 

Potassium Olioate — Ferric Chlorid 




Concentration of mixture. | 

Ilernarks. 

(1) 

5 cc. 

potassium oloate+9 cc. 

HuO-M cc. m/100 FeCl;i 

Turbid liquid. 

(2) 

5 ec. 

“ “ '{-8 cc. 

“ “{-2 cc. “ “ 

Increatiingly turbid liquid, sus- 
pended particles of increasing 
size 

(3) 

5 cc. 

• “ “ +5cc. 

“ -j-5 cc. “ “ 

Increasingly turbid liquid, sus- 
pended particles of increasing 
size 

(4) 

5 cc. 

" “ +9 cc. 

“ 4-1 cc. m/10 FeCla 

Increasingly turbid liquid, sus- 
pended particles of increasing 
size 

(5) 

5 cc. 

‘ ‘ * ‘ -|”8 cc. 

“ +2cc. “ 

Increasingly turbid liquid, sus- 
pended particles of increasing 
size 

(0) 

5 cc. 

“ “ -hr> cc. 

" 4-'‘5 cc. ‘‘ “ 

Increasingly turbid liquid, sus- 
pended particles of increasing 
size 

(7) 

5 cc. 

•• “ +9 cc. 

“ -f-1 cc. m FeCla 

Reddish coagulum of iron soap 
floating in freed dispersion 
medium 

(8) 

5 cc. 

“ “ +8 cc. 

“ -f2cc. 

Reddish coagulum of iron soap 
floating in freed dispersion 
medium 

(9) 

5 cc. 

“ “ -1-7 cc 

“ 4-3 cc. 

Reddish coagulum of iron soap 
floating in freed dispersion 
rmulium 

(10) 

5 cc. 

“ “ +2 cc. 

‘ ‘ 4~8 cc. “ “ 

Reddish coagulum of iron soap 
float iiig in freed dispersion 
medium 

(11) 

f) cc. 

“ “ flOci 

•. HaO fcfintrol) 

Mobile liquid 
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TABLE 

Gelation and Salting-out op Various Fatty 


! 

: ^ 

Mol. wt. 

Fatty acid. 

Amount 
acid used 

Condition of mixtures after 24 hours upon addition i 

i : 


in grams 
(V63 moiy. 

n 

2 n 

3n 

4 n 

5 n I 

1 

1' 46 

' 

Formic 

0.0727 

Clear liquid 

Clear liquid 

Clear liquid 

Clear liquid 

Clear liquid j 

1 60 

Acetic 

0.0948 

“ 


“ 

.. 

.. 

: 

Propionic 

0.1169 

“ 

“ 

“ 

“ 

“ “ : 

1 88 

Butyric 

0.1390 


.. .. 



“ “ 

i 

Valeric 

0.1612 


.A 

i. < < 


.. 

s 116 

ii 

Caproic 

1 

0.1832 





1 

i. . 144 

Caprylic 

0.2275 

“ 

- 


Solid white 
soap 

Solid white 
soap 

172 

Capric 

0.2718 

“ 

Solid white 
soap 

Solid white 
soap 

Partly 
salted out 

Completely 
salted out 

1 

200 

Laurie 

0.3160 

Solid white 

soap 

Solid white 
soap 

Solid white 
soap 

Completely 
salted out 

j 

Completely 
salted out 

1 

Tube number 

1 

2 

^ 1 

4 

5 
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LV 

Acid — ^Alkali Mixtures of the Acetic Series 


at 20® C. of 5 cc. sodium hydroxid of the following concentrations: 


6 n 

1 

7 n 

8n 

1 

9 n 

10 n 

11 n 

12 n 

H 2 O 

Clear liquid 

Clear liquid 

Clear liquid 

Clear liquid 

Clear liquid 

Clear liquid 

Clear liquid 

Clear liquid 

.. .. 


.. .. 

“ 

Slight salt- 
ing out 

Completely 
salted out 

Completely 
salted out 

4 . 4 . 

«< «« 

“ ‘ ‘ 

« 4 H 

Viscid white 
soap 

Slight salt- 
ing out 

Completely 
salted out 

Completely 
salted out 

4 . 


Viscid white 
soap 

Partly 
salted out 

Completely 
salted out 

Completely 
salted out 

Completely 
salted out 

Completely 
salted out 

4 . 

Viscid white 

Viscid white 

Viscid white 

Solid white 

Solid white 

Solid white 

Completely 

Acid float- 

soap 

soap 

soap 

soap 

soap 

soap 

salted out 

ing on 
water 

Solid white 

Solid white 

Partly 

Completely 

Completely 

Completely 

Completely 

Acid float- 

soap 

soap 

salted oxit 

salted out 

salted out 

salted out 

salted out 

ing on 
water 

Completely 

Completely 

Completely 

Completely 

Completely 

Completely 

Completely 

Acid float- 

salted out 

salted out 

salted out 

salted out 

salted out 

salted out 

salted out 

ing on 
water 

Completely 

Completely 

Completely 

Completely 

Completely 

Completely 

Completely 

Acid float- 

salted out 

salted out 

salted oxit 

salted out 

salted out 

salted out 

salted out 

ing on 
water 

6 

7 

8 

9 

10 

11 

12 

Control 
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XI 

THE FOAMING, EMULSIFYING AND WASHING PROPERTIES 

OF SOAPS 

There is still much debate as to what is the property of soaps 
(and similarly acting compounds) which when added to water 
favors the production and maintenance of foams or emulsions. 
Without first entering upon a discussion of the theories which 
have been proposed, what do the colloid-chemical facts outlined 
in the preceding pages contribute toward a possible solution 
of the problem? In the several series of soaps described we have 
thus far correlated their chemical composition and that of the 
various solvents used with them, with various physico- 
chemical properties of the resulting systems. What is the relation- 
ship between such a property of a soap as its hydration capacity 
and its ability to yield a foam; or what is the relationship between 
this hydration value and the production and maintenance of an 
emulsion? A proper answer to these questions may prove of 
help for the solution of that secondaiy technological problem 
which concerns the washing properties of soap, which, as now 
held by various authors, are intimately associated with its foaming 
and emulsifying qualities. The following 'paragraphs show that 
the foaming^ emulsifying and washing properties of soaps are a 
function f in the main, of their hydrophilic colloid character. Only 
those soaps foam or emulsify which under the conditions of their use 
yield liquid and hydrated colloids. 

1. The Foaming Properties of Soaps 

V/e need to begin these paragraphs by a definition of what 
constitutes a foam. As ordinarily understood, it is a subdivision 
of a gas in a liquid. There exist also, however, what may be 
termed solid foams, namely, subdivisions of a gas in a solid, as 
in ordinary pumice, but since such solid foams were invariably 
produced when the now solid phase was liquid, these are really 
only a subclass of the liquid foams. When not otherwise speeffied 
we refer in these pages only to the liquid foams and the conditions 
surrounding their production and maintenance. 
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It is of importance next to distinguish between the production 
of a foam and its rnointcno/nco after production. Authors who 
have written on this subject have rarely done so. Mere contact 
between a gas and a foaming agent does not produce a foam — the 
gas must be stirred, blown or mixed into it. When we speak 
off-hand of a foam-producing material we really mean something 
which will stabilize the foam once it is produced. 


§1 

In order to discover if any relationship existed between the 
colloid properties (or more particularly the hydration capacities) 
of different soaps and their foaming qualities we chose for first 
study the sodium soaps of the acetic acid series. To obtain com- 
parable results, 10 cc. of equimolar '' solutions of the different 
soaps were placed in tall test-tubes (30 cm.X2 cm.) and shaken. 
In order that all might be treated equally from the point of view 
of foam production, all the tubes were clamped in a frame, the 
shaking being continued for thirty seconds. Tor reasons which 
will become clear later, the temperature is an important factor 
and must be watched carefully. Moreover, since the systems 
resulting at any fixed temperature when soap/water mixtures 
are brought to the desired temperature from a higher point dijfier ^ 
from those which result when they are brought to such temper- 
ature from a lower one' all the soap solutions about to be 
described were started at a low temperature and then brought 
to the higher ones. Tubes, water and soaps were therefore all 
first reduced to the lowest temperature used in these experiments, 
namely, 8® C. After they had remained at this temperature for 
twenty-four hours the proper molar solutions were made by mix- 
ing the soaps with the water. After another period (twenty- 
four hours) of standing and careful mixture until (apparent) 
homogeneity had been attained, the tubes were shaken violently 
for thirty seconds to permit of the formation of foam. They 
were photographed after four minutes, then left to themselves 
for two hours, still in the thermostat, and photographed a second 
time. After this first series of observations, the tubes with their 
reaction mixtures were then warmed to the next higher temper- 
ature, namely, 26° C. and kept at this for twenty-four hours. 

1 See page 74. 
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After shaking, photographing, allowing to rest and rephoto- 
graphing, we repeated the whole process at 50° C. and finally 
at 100° C. 

The results obtained in the case of the sodium soaps of the 
acetic acid series at the concentration 2 m. are shown in the photo- 
graphs of Figs. 77 and 78. This was really an attempt to dis- 
cover where in the series and at what concentration foaming 
will begin. At 8° C. (the lowermost row of tubes in Fig. 77) 
it is apparent that no foam is formed by the formate, acetate, 
propionate, butyrate or valerate of sodium. There is just a sug- 
gestion of a foam in the case of the caproate, but clear formation 
of such does not begin imtil the caprylate is reached. At this 
temperature soaps higher ^ in the series fail to yield homogeneous 
mixtures solutions with the water. The mixtures also do 
not foam. The absence of the tubes from the series in this 
and the subsequent photographs expresses this fact. 

When the temperature is raised to 26° C. the findings are much 
the same except that the caproate shows no signs of foaming and 
the caprylate less than at the lower temperature. At 50° and 
100° C. the picture is largely repeated — the caprylate alone foams, 
though less than at the lower temperatures. Fig. 78, which 

^ These higher soaps take up the water offered them but yield such viscid 
systems that they are practically solid. In consequence, air cannot be easily 
shaken or beaten into them. Just as in the case of the emulsions (see Martust 
H. Fischer and Marian O. Hooker: Fats .and Fatty Degeneration, 36, 
New York (1917)) the production of a foam is best accomplished when the soap 
is present in a medium concentration and when the resulting system is essen- 
tially a liquid hydrated colloid. At ordinary temperatures the soaps of the 
acetic series, especially the higher ones, are all more solid even in the 
presence of considerable water, than the soaps of the less saturated fatty 
acids. For this reason none of them is as good a foaming or emulsifying 
agent as an oleate, linolate or other liquid soap. 

In general, the melting points of the soaps of the acetic series lie par- 
allel to but above that of their fatty acids. All the fatty acids below 
caproic are liquid near 0° C. or below. Caprylic acid is liquid at 16.5®; 
capric at 31.3®; lauric at 43.6®; myristic at 53.8°; palmitic at 62®; margaric 
at 60°; stearic at 69.3°; arachidic at 77° C. 

The lowermost soaps of the acetic series are soluble’^ in water and yield 
liquid systems even at a low temperature. In the middle of the series and at 
ordinary temperatures the acetic series soaps yield liquid hydrated colloid 
systems with water, and are the best foam producers. Above this they yield 
highly viscid to solid hydrated systems and less favorable ones for foam pro- 
duction. Rise in temperature shifts the whole arrangement to the right, the 
lower soaps going into the region of the true solutions of soap in water and 
thus losing their foaming qualities while the higher ones move from the region 
of the hydrated solid colloids into that of the hydrated liquid ones. 
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shows the appearance of these tubes two hours later, indicates 
that the foams do not last. They die down fastest at the higher 
temperatures, the greatest permanency, in other words, being 
shown by the foams produced at the lower temperatures. 

It is well to state at once what we hold to be the relationship 
between these findings and our previous considerations of the 
hydrophilic properties of these soaps. The lowermost soaps form 
only solutions in water, they show no hydrophilic properties, 
and they do not foam. Sodium caprylate, with its more distinct, 
even though still low, hydration capacity, yields the first satis- 
factory foam. It does this best, however, at a low temperature. 
At this it has its highest hydrophilic value. To raise the temper- 
ature of this soap/water system is to make the sodium caprylate 
go into true solution in the water, and as this happens the hydro- 
philic colloid properties of the system are diminished, and, simi- 
larly, the foaming properties. The higher soaps do not foam 
because not enough of them goes into solution ” to yield a 
(liquid) hydrated colloid system — the water, in other words, 
is either taken up to form an essentially solid mixture into which 
the air cannot be driven, or the soap is so insoluble ” that 
the water remains free ’’ and hence there is no lasting foam. 

§2 

It will be noticed that the first foaming qualities in these 
soaps developed in the experiment just described at the concen- 
tration 2 m. If the experiment with these soaps is repeated at 
the concentration m, the previously foaming soaps no longer foam 
while soaps higher in the series which did not foam now do so. The 
former of these truths is readily apparent if the vertical set of 
tubes marked 7 (the caprylate) in Fig. . 77 is compared with the 
similarly numbered set of Fig. 79. To explain this finding we 
would say that in the lower concentration of sodium caprylate 
illustrated in Fig. 79 the soap is more nearly in “ true solution 
and that the hydrophilic properties of the system are diminished 
in proportion. But the next higher soap, namely, sodium caprate 
(the tubes 8 of Fig. 79) foam nicely. At 8® the sodium caprate 
does not foam. Most foaming is obtained at 26°, with less at 
the two higher temperatures 50° and 100° C. 

To explain these findings it must be recalled that at the tern- 
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I perature 8° C. sodium caprate is still solid and remains essentially 

f only mechanically subdivided in the water. When the temper- 

l ature is raised to 26° C. the liquefaction point of the soap in 

water is exceeded. In this region most of the soap is in the 
state of a (liquid) hydrophilic colloid, least in true solution, and 
the greatest foam production is in consequence manifest. At 
I the two higher temperatures a shift in the soap/water system 

j occurs in the direction of true solution of the soap in the water 

i at the expense of the water in the soap fraction and hence the 

i diminished tendency to foam. 

I Fig. 79 shows well how this general law is repeated as we 

j ascend in the soap series. Sodium laurate fails to foam at the | 

I temperatures 8° and 26° C. At 50° a decided foam appears 

as evidenced in the tubes marked 9, the foaming being increased 
at 100° C. Sodium myristate fails to foam at the three lower 
temperatures. At 100° C., as shown in the tube marked 10 of 
the top row of Fig. 79, it foams beautifully. Not until the temper- i 

I: ature lies above 50° does the myristate yield a (liquid) hydro- 

philic colloid (and a foam). Even at this highest temperature 
sodium palmitate, as indicated in tube 11 of Fig. 79, foams only 
badly. The soap absorbs all the water offered, to yield a thick, 
gelatinous mass into which the air does not enter easily. The I 

resulting foam is therefore practically a solid one. | 

Fig. 80 shows how the tubes just described look two hours j 

later. It is easily observed that the foams die down most rapidly ! i 

(a) in the lower soaps and (6) at the higher temperatures. p 

i § 3 

Figs. 81 and 82 respectively show the foaming characteristics 
; of the sodium soaps of the acetic series at the concentration m/2 

^ immediately after the production of the foams and two hours f 

I later. It will be observed that at this concentration the caprate . j 

is the lowest member to yield a foam; the amount of foam 
produced in all the caprate tubes of this series (the vertical row i 

marked 8) is distinctly less than in the corresponding set of tubes 
of Fig. 79. The laurate foams at this lower concentration almost 
as well as at the higher concentration previously described. It 
‘ is noteworthy, however, that in Fig. 79 (the concentration m) * 

the better foam is obtained at the temperature of 100° C.; in Fig. 
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81 (the concentration m/2) at 50° C. This is dependent, in our 
judgment, upon the more perfect solubility at the lower con- 
centration of the laurate in the water, with diminution of its 
hydrophilic colloid properties as the temperature is raised. 


Figtjue 79. 

Fig. 82 shows the appearance of the foaming soaps just 
described after having been left to themselves for two hours at the 
designated temperatures and again demonstrates that foams die 
down fastest in the lower soaps and at the higher tempera- 
tures- 
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PiGUBB 80. 

ature and (c) that the soaps of the higher fatty adds would show 
distinct foaming qualities at temperatures at which the corresponding 
sodiupi soaps would he so insoluble ” or yield such solid systems 
with water as to make foaming impossible. The truth of these 
^ See pages 14 and 23. 


§4 

In order to test further the general truth of the relationship 
between hydration capacity and foaming quahties of the different 
soaps, we next studied the potassium soaps of the acetic acid 
series. As previously described/ the potassium soaps are more 
soluble in water and have a higher solubility for water than the 
corresponding sodium soaps. It was in consequence to be expected 
at a given concentration (a) that the potassium soaps would not 
begin foaming as early as the corresponding sodium soaps, (b) that 
this foaming quality would be lost earlier with increase in temper- 
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general statements is illustrated in Figs. 83, 84, 85, 86, 87 
and 88. 

Fig. 83 shows, when compared with Fig. 77, that the foaming 
of 2 m potassium soaps at four different temperatures doe.s not 
begin until potassiixm caprylate is reached. This soap foams 
slightly at 8° C. but loses this quality as soon as the tenapcrature 
is increased. The first potassium soap to show a lasting foa,m 
at the several temperatures is the caprate (the tubes 8 of Fig. 



FlGtTBE 81 . 


83). Fig. 84 shows the appearance of these tubes two hours 
later. The foam has disappeared entirely from the only caprylate 
which showed foaming qualities and from the caprate kept at 
the highest temperature. 

Figs. 85 and 86 show the behavior of potassium soaps of the 
acetic series at the concentration m. The caprate is the first 
in the series to foam, but the laurate and myristate also foam. 



THE COLLOID-CHEMISTRY OF SOAPS 


145 


The potassium soaps, it is obvious, begin to foam at lower temper- 
atures than the corresponding sodium soaps (see Fig. 79) but 
they also lose this quality sooner with increase in temperature. 
When the tube marked 11 of the potassium series (Fig. 85) is 
compared with the corresponding tube of the sodium series 



Figure 82. 


(Fig. 79) the more liquid character of the potassium soap/water 
system evidences itself by the better foam production. Fig. 
86 shows how the foams of the potassium soaps look at the end 
of two hours. It is again obvious that they die down earlier 
in* the series of the potassium soaps than in the corresponding 
sodium soaps, or, put another way, they last longest in the higher 
members of the potassium soaps and at the lower temperatures. 




Figube 84 . 
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Fig. 87 illustrates the foaming qualities of the potassium soaps 
of the acetic series in the concentration m/2. The first soap to 



Figuke 87. 


show any foaming is the caprate, but its foam dies down completely 
in two hours, as shown by its absence in the series of tubes marked 
8 of Fig. 88. It will be observed when the laurate, myristate, 
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palmitate and stearate tubes (the series 9, 10, 11, and 13 of Eig. 
87) are compared with the similarly numbered tubes of Fig. 85 
that these potassium soaps foam decidedly better at the m/2 
concentration than at the higher concentration. The foams also 
last well, as evidenced when Fig. 88 is compared with Fig. 87. 
Fig. 88, taken two hours after the foaming was produced, again 
shows that the persistence of a foam rises with the position of a 
soap in the series and falls with increase in temperature, once the 





Figube 88. 


soap/water systems have been warmed above their liquefaction 
points* 
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2. The Emulsifying Properties of Soaps 

We wish now to discuss the relationship which exists between 
the emulsifying properties of the different soaps and their hydra- 
tion capacity. Excepting as the concentration necessary for emulsi- 
fication is different {usually higher) the same general truths hold for 
emulsification previously expressed for foaming. 

An emulsion is, by definition, a mixture of two immiscible 
liquids in each other. But from any two liquids such as oil and 
water, two types of emulsion may be prepared, the one consisting 
of a subdivision of oil in water, the other of water in oil. Milk, 
which readily mixes with water and wets a paper dipped into it, 
may be cited as an example of the former. Butter, which will 
mix with oil but not with water, which greases paper and imparts 
an oily feel to the touch, may be cited as an example of the latter. 
The type of emulsion important for an analysis of the emulsifying 
properties of the ordinary soaps is that represented by the sub- 
division of oil in water. 

In the discussion of emulsification we must also distinguish 
between (a) the mere production of an emulsion and (5) its 
stabilization after production. Just as in the case of foams, the 
fonner represents essentially a mechanical process — the one 
liquid must by some means or other be divided into the second. 
When we talk about emulsification or emulsifying agencies with- 
out modifying clauses we usually mean methods or substances 
through which an emulsion produced by mechanical means may 
be stabilized. 

It has been shown previously ^ that an oil cannot bo sub- 
divided permanently into pure water, and that the so-called 
emulsifying agents which make possible the permanent sub- 
division of oil in water are hydrophilic (lyophilic) colloids. Among 
the best representatives of this group are the soaps. As ordi- 
narily employed for emulsification purposes the soaps are, of course, 
mixed. The quantitative studies on the hydration capacities of 
the different pure soaps outlined in the preceding pages, now 
allow us to test out this whole concept of emulsification more 
accurately. What is the relationship between the hydrophilic 
properties of any soap and its emulsifying power? 

^ Martin H. Fischer and Marian O. Hooker: Science, 43, 468 (1916); 
Ivolloid-Zeitschr., 18, 129 (1916); Fats and Fatty Degeneration, New York 
(1917). 
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In order not to lengthen this discussion unduly, the experi- 
mental facts in the case may be summed up as follows: those soaps 
are the best emulsifying agents which at the temperature of their use 
and in the presence of water yield essentially liquid systems of the 
type water-dissolved-in-soap. For this reason the oleates, lino- 
lates, etc., are, of all the soaps studied, the best emulsifiers at 
ordinary (room) temperatures because, besides having high hydra- 
tion values, they are liquid. 

The sodium soaps of the acetic acid series when used in equi- 
molar concentration show the following characteristics. The soaps 
of the lowermost members through the caproate yield no perma- 
nent emulsions. If a sodium capiylate or sodium caprate/water 
system is kept just above its liquefaction point, a permanent 
emulsion may be obtained. A slight rise in temperature, how- 
ever, makes for separation of the oil from the water phase. The 
same is true for the sodium soaps of the higher fatty acids. At 
low temperatures sodium myristate, sodium palmitate, sodium 
stearate, etc., in water do not emulsify, but if the temperature 
of these mixtures is raised so that the soaps go into solution ” 
(in reality yield liquid colloid systems of the type water-dissolved- 
in-soap) permanent emulsions can be obtained at once. With 
too great increase in temperature, however, the emulsions again 
crack, and the oil separates off. 

In interpretation of these general findings it may be said that 
the lowermost soaps do not emulsify because they yield only true 
solutions of the soaps in the water. The systems, in other words, 
have no hydrophilic properties or, put another way, the water 
in thorn is essentially “ free ” and permanent emulsification of 
oil in such “ free water cannot be obtained. With the develop- 
ment of distinctly hydrophilic properties by the soaps in the middle 
of the series emulsification becomes possible, but only while the 
systems are liquid and of the type water-dissolved-in-soap. Only 
slight further increase in temperature, however, is necessary in 
the case of soaps like the capiylate and caprate to carry them 
through this region into the realm of the true solutions of soap 
in water, and as this happens permanent emulsification again 
becomes impossible. 

Similar facts hold for the soaps of the higher fatty acids. 
An oil cannot be emulsified in any of these higher soaps even 
when possessed of a high hydration capacity as long as they are 
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solid. But as soon as the temperature is raised sufficiently the re- 
sulting liquid colloid systems emulsify splendidly. The matter is 
illustrated for the case of sodium palmitate in the right-hand bottle 
of Fig. 89. In this 60 cc. cottonseed oil were ground into 20 cc. 


m/16 ^'solution” of the soap in a hot water bath. At this 
temperature a fine emulsion results. As soon, however, as the 
temperature is allowed to drop to 25° for a few hours the system 
cracks, as shown in the left-hand bottle of Fig. 89. If, however, 
the temperature is maintained above the liquefaction point of 
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the sodium palmitate/ water system, permanent emulsification 
results, as evidenced in the right-hand bottle of Fig. 89. The 
I higher soaps, moreover, maintain their high hydration values (as 

liquids) through a considerable range of temperature, wherefore 



further increase in temperature does not serve so quickly to break 
an emulsion stabilized in these higher soaps as in the case of the 
lower ones. The higher soaps, in other words, do not pass as 
quickly as the lower ones into the class of the true solutions of 
soap in water. 



154 


SOAPS AND PEOTEINS 


It is possible to test out these general notions by using the 
potassium soaps instead of the sodium soaps of the acetic acid 
series. The potassium soaps being in general more soluble in 
water and more nearly liquid at a given temperature than the 
corresponding sodium soaps, permanent emulsification requires 
either (a) a higher concentration of the potassium soap or (b) 
a lower temperature or (c) a soap higher in the series. It there- 
fore requires more of a soap low in the series like potassium capiy- 
late or caprate to the unit volume of water to yield a permanent 
emulsion. The emulsions so produced also break easily upon 
slight increase in temperature. On tlie other hand, the potassium 
soaps of the higher fatty acids, which in the presence of water 
yield more liquid s^^stems even at ordinary temperatures than the 
corresponding sodium soaps, may l)e used to obtain permanent 
emulsions when the corx'CvSponding sodium soaps will not act. 
Potassium laurate, myristate or palmitate mixtures with water 
act as splendid emulsifying agents at low temperatures at which 
the corresponding sodium soaps are useless. Even potassium 
palmitate acts well when the temperature at which it is used 
lies but slightly above the ordinaiy rooni temperature. This 
is illustrated in the left-hand bottle of Fig. 90. The potassium 
soaps being more readily soluble in water than the corresponding 
sodium soaps with increase in ternperature, the fine emulsion 
produced in hydrated potassium palmitate cracks as soon as the 
temperature is raised to that of a boiling water bath. This is 
shown in the right-hand bottle of Fig. 90. In this experiment 
also, 60 cc. cottonseed oil were emulsified in 20 cc. m/16 potassium 
palmitate by grinding in a mortar. 

3. On the Theory of Foaming and Emulsification 

While we have no direct interest in theories of foaming and 
emulsification, it is difficult to work in these fields without inquir- 
ing into the nature of the conditions which make foaming and 
emulsification possible. 

It would seem from the experiments which have been detailed 
above and in our previous publications on emulsification that 
permanent foaming or emulsification is possible only as the liquid 
into which a gas or a second liquid is dispersed is changed from 
one possessed of the physico-chemical constants of the pure dis- 
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persion- medium into another possessed of those characteristic 
of a liquid hydrated colloid. 

Froni a gas and a liquid, as from two immiscible liquids, it 
is possible, of course, to produce two types of systems represented 
in the first instance by the dispersion of a gas in a liquid (a foam) 
or of a liquid in a gas (a fog) and represented in the second instance 
by the dispersion of the liquid a in 6 (as oil in water) or the dis- 
persion of the liquid h in a (as water in oil). When one regards 
as a whole the field of the dispersoids consisting of gas plus liquid 
and similarly that of l-he dispersoids consisting of liquid in liquid, 
one is quickly struck ])y the fact that lasting dispersions of gas 
in liquid (foams) can l>c more readily produced than the opposite 
type of system; while certain liquids a can be more readily 
emulsified in a second b than vice versa. 

In trying to discover what is the first general relationship 
which determines this behavior, it has seemed to us that a pre- 
viously expressed o])inion ^ covers the case satisfactorily. Other 
con(iitio7is remaining the mme, that material is dispersed within 
any second which in response to mechanical deforynation shows 
the shorter breaking length. Our meaning may be illustrated 
by reference to Figs. 91 and 92. When air and some liquid 
like liquid hydrated soap are subjected to a deforming move- 
ment (like the beat of a flail) it' is obvious that the gas 


OOP OOP P PP POP 00^0^^ - 

FiciimE 91. 


Gsis 

• Hydratod Sodium Oleate 


Hydrated So<lium Slcarate 
Oil 

Hydrated Sodium 01eat(i 


will “ break ” .sooner than thc^ liciuifl columns of hydrated soap. 
The .soap will, in oilitn' words, he drawn into longer threads or 
coherent surfaces than will the air, in consequence of which 
the gas will hceonic enmeshed within the hydrated colloid, and 
a foam will result. 

What happens in the csisc of two liquids is represented diagram- 
matically in Tig. 92. If the middle line of the diagram is taken 

‘ Mahtin H. Fiscukh and Mahian O. Hookjsk: Fats and Fatty Degen- 
eration, 32, New York (1917). 
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to represent the breaking length of oil threads, the breaking length 
of a soap, like hydrated sodium oleate, is represented by the lower 
line of the diagram. For this reason, other things being equal, 
the oil tends to break into droplets sooner than the hydrated 
sodium oleate which in consequence remains the non-dispersed 
or enveloping phase. There are, however, other soaps which, 
while capable of hydration, yield liquids whose fibers tend to 
break sooner when drawn into threads than does hydrated sodium 
oleate, or which at the ordinary temperatures employed are so 
nearly solid that they break into short fragments. Magnesium 
oleate, sodium stearate, etc., may be cited as hydrated soaps of 
this type. Their breaking length may be represented diagram- 
matically, as compared with the breaking length of an oil, by 
the upper line of Fig. 92. Other things being equal, these materi- 
als, therefore, tend to become enmeshed within the oil, yielding, 
in other words, emulsions of the type water-in-oil. 

The experiments detailed above, in which were compared 
the emulsifying properties of different soaps (like sodium palmi- 
tate and potassium palmitate, sodium stearate and potassium 
stearate) or the behavior of these soap/water systems, when 
subjected to heat manipulation, prove the truth of this general 
contention. We have also tried to measure the breaking length 
of the different systems which may be used successfully for the 
production of foams, fogs or the two types of emulsions. We 
hope to be able to detail numerical values covering these points 
at another time. The so-called finger tests of the glue tech- 
nologists permit one to predict what kind of system is most likely 
to result from dispersion in each other of a gas with a liquid or a 
liquid with a liquid. 

We are not unconscious of the fact that there may be arranged 
under this conception many of the so-called theories of foaming 
and emulsification adduced to explain the behavior of these 
systems. As previously emphasized ^ there is nothing mutually 
exclusive in the ideas of solvation and the relative breaking lengths 
of any two materials, and the changes in surface tension and 
viscosity, the quantitative relationship between the amounts of 
the two phases, the formation of a continuous third phase between 
the two general substances making up a foam or an emulsion, the 

1 Maetin H. Fischer and Marian O. Hooker: Fats and Fatty Degen- 
eration, 29, New York (1917). 
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surface activity of various chemical substances in permitting 
the wetting of contiguous phases, etc., as drawn upon by 
various authors (S. Plateau,^ G. Quincke/ F. G. Donnan,^ 
H. W. Hillyek,^ Walther Ostwald,^ T. B. Robertson/ S. U. 
Pickering,^* Ubbelohde and Goldschmidt/ Wilder D. Ban- 
croft,^ G. H. A. Clowes,io S. a. Shorter and James W. 
McBain ^2) to explain the nature of foaming and emulsification. 
When water is changed to a liquid colloid hydrate, the properties 
of the second are still the properties of a liquid, though quantita- 
tively different from the first, and these properties include surface 
tension, viscosity, distribution of dissolved and suspended parti- 
cles, etc. But were we to express a critical opinion of the theories 
of foaming and emulsification as developed by these various 
authors, we would say that each has failed in the opinion of some 
other author because he has used his theory as an exclusive one 
and as one necessarily universally applicable. As we have repeat- 
edly emphasized, a number of factors undoubtedly play a r61e, 
and the relative importance of each varies not only in different 
foams and in different emulsioas but in one and the same foam 
or emulsion under different circumstances. 


4. The Washing Properties of Soaps 

Empiric practice seems to have succeeded in furnishing soaps 
of good washing properties for almost all technologic needs and 
for use under the most varied circumstances, and this in spite 
of the fact that we seem still to be largely ignorant of why in 

^S. Plateau: Ann. der, Physik., 141, 44 (1870). 

^G. Quincke: Ann. dcr Physik., 271, 580 (1888). 

^F. G. Donnan: Zoitschr. f. physik. Chem., 31, 42 (1899). 

'‘H. W. Hillyer: Jour. Am. Chem. See., 25, 511 (1903); ibid., 25, 524 
(1903). 

^ Walther Os'rwALD: Kolloid-Zcitachr., 6, 103 (1910); ibid., 7, 64 (1910). 

** T. B. Robertson: Kolloid-Zeitsohr., 7, 7 (1910). 

^8. U. Pickering: Kolloid-Zeitachr., 7, 15 (1910). 

* Ubbelohde and Goldschmidt: Ilandbuch der Oele nnd Fette, 3, 11, 
Leipzig (1910); Zeitschr. f. Elektrochem., 18, 38.0 (1912); Kolloid-Zeitschr., 
12, 18 (1913); Kolloidcihcm. Beihcfte, 5, 427 (1914). 

® Wilder D. Bancrofiu Jour. Physical Chem., 17, 501 (1913). 

G. H. a. Clowes: Jour. Physical Chem., 20, 415 (1916). 

S. A. Shorter: Jour. Soc. Dyers and Colorists, 32, 99 (1916). 

James W. McBain and C. S. Salmon: Jour. Arn. Chem. Soc., 42, 426 
(T920V 
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actual use the soaps act as they do. The following paragraphs 
do not pretend to bring a definitive answer to the problem, but 
in connection with the remarks of the preceding paragraphs it 
has seemed to us that they may help toward a formulation and 
solution of some of the general problems involved. 

The oldest, perhaps, of the theories of washing holds that 
soap owes its cleansing virtues to the alkali which it liberates on 
solution in water. This factor as an important item in the wash- 
ing process has been, much discredited. While it is not to be 
denied that its importance was formerly overestimated, it is 
perhaps too extreme to deny it all virtue. The fact that (wcai 
soft water alkalinized through the addition of sodium, pot,assium 
or ammonium hydroxid, sodium carbonate or borax washes better 
thmi the water alone would seem to make it impossible to deny 
the virtue of this factor entirely. 

On the other hand, the alkali factor cannot be the main 
feature which gives soap its washing properties, for the V(uy 
soaps which on hydrolysis yield the largest overplus of free alkali, 
namely, the soaps of the highest fatty acids, may wash most 
poorly. On the other, hand, soaps which by test and muhv t,he 
circumstances of their use are strictly neutral may function as 
ideal cleansers. To explain the action of soap under sucli (dr- 
cumstances, its power to produce foams and to emulsify has been 
called into account, and this property has been parallcdod with 
its cleansing virtues. If this conception is correct — and theixi 
is much to support the idea that it represents the major factor 
in the general washing power of the soaps — then the value of dif- 
ferent common soaps as generally employed would, on the basis 
of our previous remarks, be about as follows: 

To produce effective cleansing a certain minimum of mechanical 
washing methods are absolutely necessary. The soiled rnatcirials 
must be soused ” in the wash water, rubbed on a washboard 
or dragged about in a machine. This constitutes in the washing 
process the equivalent of the mechanical element so necessary for 
the production of foams and emulsions. The dirt in the 
clothes is emulsified in the hydrated soap of the wash water. 

The soap must now be looked at from the point of view of 
favoring such emulsification and the stabilization of the emulsion 
after production. Obviously, of much importance in this matter 
will be (a) the concentration at which the soap is used, (6) the 
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character of the soap and (c) the temperature at which it is 
employed. 

It is the common practice to rub solid or semi-solid soap directly 
upon the soiled materials or to soak them in a strong soap stock. 
Even after such soaking, more solid or semi-solid soap is com- 
monly ru])bcd directly upon the more soiled areas. This is all 
expressive of the need for a hydrated colloid of high concentration, 
for only such will lead to easy and permanent stabilization of the 
dirt (fatty materials and mixed solids) in emulsified form in 
the soap water.” 

The ordinaiy washing soaps (either laundry or toilet) are 
the sodium soaps of several fatty acids. It is of interest to note 
that manufacturers have long used mixtures of different fats for 
their soap stocks. Beginning as they usually do with a liquid 
fat (like cocoanut oil, olive oil, cottonseed oil) they add to this 
vaiying amounts of the higher fats (like tallow, hydrogenated 
cottonseed oil, etc.). The ultimate soap produced contains a 
long and varied list of fatty acids. Such mixtures must obviously 
satisfy most general needs. Because of the presence of soaps 
of the lowermost fatty acids, quick foaming and quick emulsi- 
fication are ol)tained even at low temperatures. These lower- 
most soaps, howcwer, dissolve so quickly that the frugal house- 
wife considers them wasteful. Especially is this the case when 
the soaps are used with hot water in which they pass quickly 
into the true solution ” stage. For this reason the presence 
of fatty acid soaps from the middle of the series will prove useful, 
for these work well in ordinary lukewarm ” waters. They too, 
however, lose much of their virtue if the temperature is raised. 
As effectively working soaps in waters near the boiling point, 
the soaps of the higher fatty acids are required. The palmitates 
and stearates, for example, still maintain their colloid character- 
istics when soaps lower in the series have lost theirs through 
solution.” 

The facts recited indicate why the temperature at which 
any soap is used has so much to do with its effectiveness. Where 
soaps are to be used in cold water, it is clear that none of the 
higher fatty acid soaps are of any particular use. Only those 
soaps which at low temperatures have definitely colloid character- 
istics, and which as ordinarily employed yield liquid colloid 
systems, are effective for washing under such circumstances. 
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This is the reason why sodium and potassium oleate and the 
soaps made from oils rich in the lower fatty acids (cocoanut oil 
soap, palm kernel oil soap) are the soaps which, above all others, 
are held useful. On the other hand, for warmer waters it is of 
advantage to have present the soaps of the fatty acids higher in 
the series. Hence the common practice of adding tallow, hydro- 
genated cottonseed oil, etc., to the more liquid fats and oils 
used for the manufacture of toilet and laundry soaps in “ civilized ’’ 
countries. There is, however, a limit at this end of the series 
also. The sodium soaps above the stearate in the acetic series 
do not yield (liquid) hydrated colloid systems below the boiling 
point of water. In this proportion they are valueless as wash- 
ing agents. Even the stearat.e which, since the introduction 
of h^T'drogenation methods, has Ix^eii worked in increasing 
amounts into the common toilet and laundry soaps already comes 
close to the danger line. It will hardly foam or emulsify short 
of the boiling point of water. A way out of the difficulty, not 
only for the stearate, but also for some of the other higher fatty 
acids, may ])e found in t.h(^. substitution of potassium for the 
sodium of the common soaps. This trick is employed in shaving 
soaps ” in which the waste of a more soluble ” soap is compen- 
sated for by its readier foaming and emulsifying properties. But 
the substitution of potassium for sodium has its defects at the 
lower end of the series — the potassium soaps, being more readily 
soluble both in cold and hot waters, pass too quickly through 
their working middle of liquid hydrated colloids and hence are 
wasteful.” 
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I 

PRINCIPLES OF HOT AND COLD PROCESS SOAP 
MANUFACTURE 

1. Introduction 

It will be the purpose of this chapter to review certain tech- 
nical procedures followed in soap manufacture in order to see 
where the concepts developed in the preceding pages may be 
used as conscious substitutes for various empiric practices. In 
doin^g so we will be struck by an interesting fact. Faced on the 
one side by the myriad problems incident to the handling of a 
widely varying crude material and on the other by the demands 
on the part of the public for a product possessed of certain washing 
characteristics, the practical soap manufacturer has in nearly 
every instance hit upon both a satisfactory process and a satis- 
factory product. 

The raw materials used by the soap chemist and, consequently, 
the soaps which he produces are so many and so various that a 
complete review of the situation is not possible. What is said 
in the following pages represents little more than a broad outline. 

We should have an ideal starting point did we know, as a 
first foundation for our discussion, the qualitative and quantita- 
tive composition of the fats and oils which enter the soap kettle. 
Even when we ignore the presence, in the crude fats and oils 
employed, of unsaponifiable material, of alcohols other than 
glycerin, of admixed substances bearing no relationship to the 
esters which make up the mass of the fat or oil, etc., we are still 
handicapped by an inadequate knowledge of the complete com- 
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pofsilion of (‘.V(tn the* r,(>\nnunu*r fats and oils. C)r, wlanit sneh 
coinpkdct analyst's hav(‘. Ixaai inadt' or an* available*, tla*y 
of cours(‘,, only to a sjx'vifK* sainplt*. and, as (*v(ny cal and fat 
chcanist knows, anotfua* sample* obtainc'd pn*sinnably fn»m the* 
sa-inc*. sountc's a.nd und(*r the* same* conditioiis may still shenv wide* 
variations in com|x>sifiom A sinij^h^ fat or cal varices for oxamplf! 
witli the*. s<*a.sons. 

It, lie's withend. tlie^ limits <»f this volume*, to list mc»rc* timn a 
f(‘W of the* fats ami oils which have* bce*n or may be use*d in the* 
manufaett lire*, of soaps and to indi<*at(r th<*ir approximate ('ompo-* 
sit ion. The* (*xampl(*.s which follow are^ cef intcre*st <*ithcr Ix'causet 
th(*y furnish much of the* mat<*rial whic’h is usc‘d in sceap mami- 
fac-tun* or bcc'ause* lh(*ir cjualitat ive* (‘ompeesit ion is such that 
the^y yie^ld soaps with (pialitications of ini<*n»Ht tej our discussion 

2. The Oils, Fats and Waxes Entering the Soap Kettle 

From a pur(*ly ch(*mi(*al point e>f vi<*w‘ Ihe'rc^ is little* rt'anon to 
distinguish bctwexai fhe*- “ oils ’* and tlx* “ fats ” of the* t4*c*hnica! 
cliemusts; and the': Hame* is true* eef the*, waxes/* All thre*«» huIh 
stamu'S an^ css(‘ntially nothing but mixture's e»f eiifTetre*nt. <*Hte*rH. 
In th(^ (*asc‘ of the. oils anel fats the*se* are* ahmest e*xc*Iu.Hive*Iy glyc<*r“ 
ids, and this still holds true*, for many of the* waxe*s (us ** Japan 
wax ”j. At other time's the* wax(*s are* still est<*rs, but sofue oth<*r 
alc.ohol may luive^ tuke*n the* place* ejf the* glyce»rin. X(*ve»rt he*le*HH, 
this practtical distinction lx*t\v(*(*n flat thre*et gnmpH of Hubstam*es 
the*, first b(*ing lic|uid at etrdinaiy ie*mpi»rat ure*H, the* Mf*eond He*mi-“ 
Holicl or solid, the* thirel ei(*finit(*ly seJid has Hcane* value*,. 77#c 
■physical slate, parallels rautjhUf the kinds and prapartmns af diffrrml 
fatty acids appeariny in the variinis estirs, the fatty aridH udth the 
lower melting points being tfahne mast vammau in the oils while theme 
with the higher meUinn points predtmunate in the fats and imxes. 
This mat te‘r is of much importance*, m will iip|H*ar later, becmiise 
of the*. phyHi(XM*he‘mi(*itI difTetre.neam in tliet soaps whic'h ant foniied 
from theses diffewetnt Htoe'ks. 

A distined.ion in seiap manufacture lx»twee*ri the fats of ve^ge- 
t.alde*. and those* of animal origin has little* pur|)OHi*, for Ixdh con- 
tain (|ualitatively ihe same* list of gly«*e*ridH. Xe*vert Iiele*HS it i» 
wed] to ream^m!x*r that- the* two difT«*rent origins may at times f>e 
of importanea^ bee.auHi^ of (iiffe*ren(:<*H in file t.y|.x*H cif impurities 
which thc^y bring along. 
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Since the kind of soap formed and its properties are so largely 
a matter of the kind and relative proportion of the fatty acids 
which occur in the original soap stock it is well to begin by listing 
a few of the commoner oils, fats and waxes and giving their per- 
centage composition. The series which follows is catalogued 
arbitrarily, those fats which contain the smallest number of fatty 
acids or such as have the lower melting points being given first. 
A more detailed discussion of this subject lies without the limits 
of this volume; for such the accepted handbooks ^ or original 
papers dealing with this subject must be consulted. 

Linseed Oil, A generally accepted average analysis is that 
of Hazura and Grussner which reads as follows; 


Oleic acid 5 percent 

Linolic acid 15 percent 

Linolenic acid 15 percent 

^Tsolinolenic” acid 65 percent 


In the place of the above analysis, to which J. Lewkowitsch ^ 
has raised objection, this author gives the following: 

Solid fatty acids (palmitic, myristic, stearic, aracludic) . 7.5 percent 

Linolic acid 36 . 5 percent 

Linolenic acid 56.0 perc^ent 

Poppy Seed Oil. The whole oil carries G.67 percent of solid 
fatty acids (Tolman and Munson •^). The liquid fatty acids 
consist, according to Hazura and Grussner, of 

Oleic acid 30 percent 

Linolic acid 65 percent 

Linolenic acid 5 percent 

Cottonseed Oil. According to Twitchell, Farnsteiner, Tol- 
man and Munson,^ the whole oil contains from 22.3 to 32.6 per- 
cent of solid fatty acids, consisting chiefly of palmitic acid with 
a small quantity of arachidic acid. The liquid fatty acids, accord- 

1 See for example J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 2, 
London (1914) ; Merklen : Ltude sur la constitution des savons du commerce, 
Marseilles (1906) or in German translation by Franz Goldschmidt, Halle a/8 
(1907); Ubbelohde-Goldschmidt: Handbuch der Oele und Fette, Leipjiig 
(1910). 

2 J. Lewkowitsch: Oils, Fats and Waxes, 5tn Ed., 2, 61, London (1914). 

^ L. M. Tolman and L. S. Munson: Jour. Am. Chem. 8oc., 25, 960 (1903). 

4 Quoted by J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 2, 197, 

London (1914). 
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1.0 IIazhua, consist, approximately of 40 percent oleic acid 
and i>i) linolic* acid. 

^^csaiNc (hi, Tliis oil contains, according to Farnsteiner, 12.1 
t,o 14.1 p(*r<*(»nt of scdid acids, the liquid acid making up the 
r(*maining lra(»tion liolding^ usually about 15.8 percent linolic acid 
and 72.1 |)(*r(‘(‘nt ohdc acid. 

(Hivv Oil, A(a‘()i*din^ to Tolman and Munson/ the solid 
fatty acids of this oil, as obtained from different sources, vaiy 
l)(d.w(M‘n 2 and 17.72 pcvrcent. These solicl fatty acids are chiefly 
palinitic. acid with a tra(‘,e of arachidic. Stearic acid is absent. 
T\u^. li(iui(l fatty a.ci(ls, according to Hazura and Grxtssner, 
consists of 9H p(*rc(‘nt. oloic acid and 7 percent linolic acid. 

Oashr Oil. Th(^ whole oil on standing in the cold deposits 
:i to 4 pc.rctuif of st.(^a.ric and ricinoleic acids (Krafpt-) and 1 
percc.nt dihydroxystx^aric acid (Juileard). The liquid fatty acids 
of (‘aster oil consist, (diiofly of ricinoleic and some isoricinoleic 
acnd. Okuc. acdd seems to be absent (Hazura and Gruss- 
NKIf'O- 

(Uxl I/mr Oil. ( 'rude cod liver oil contains a considerable 
portion of s(<*aric and palmitic acids. The oil as it comes to 
ninrk<‘t, has usually Ixion freed from these. In the liquid oil 
small (|unnt.it i(‘s of a.c(d.ic, butyric, valeric and capric acids have 
Ixuai found by various authors. There is an absence of oleic 
a(!id, and it is Ixdic^ved that the bulk of the fatty acids is made 
up of juads lc*Hs saturated than those of the oleic acid series. 
A(‘(‘onling to I lKVKHi>AHn the following percentages of different 
mads hav(‘ b(»cn de.finit cdy isolated. 


Pulinitic acid 4 percent 

.leraleic' luad 20 percent 

llicrapic. a<‘id 20 percent 


Palm Oil, Tliis is a mixture of glycerids of oleic acid and 
various s(4id fatty acids. Ninety-eight percent of the solid fatty 
nm is is pitlinil w aede I and 1 percent or less is stearic acid. Hazura 
and (hd'HHNKic hav(^, discovered linolic acid among the liquid 
fatty acids of this oil. 

* L M/foLMAS and b. 8. Munson: Jour. Am. Chem. Soc., 25, 956 (1903). 

2 F KuAFUf : i^or. d. (Unit. chem. Gesellsch., 21, 2730 (1888). 

» Quoted ly J. Lkw^kowitbch: Oils, Fats and Waxes, 5th Ed., 2, 398, 

OilH. Fats and Waxes, 5th Ed, 2, 430, London (1914). 
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Nutmeg Butter. The composition of this fat is thus sum- 
marized by J. Lewkowitsch.^ 


Myristic acid 73 percent 

Oleic acid 3 percent 

Linolenic acid .5 percent 

Formic, acetic, ceroti(i acids small amounts 

Essential oil 12.5 percent 

Unsaponifiable and resinous material 10.5 percent 


Cacao Butter. This fat contains stearic acid to an extent of 
about 40 percent. Oleic acid is present in excess of 30 percent. 
Several other fatty acids have been declared to be present; but 
their amounts are debated. Palmitic, arachidic and linolic acids 
have been found and, according to debatable evidence, lauric 
and caprylic are also present. 

Palm Kernel Oil. This interesting and much used fat, accord- 
ing to Elsdon ^ is composed of the following: 


Caproic acid ’. . 2 percent 

Caprylic acid 5 percent 

Capric acid 6 percent 

Lauric acid 55 percent 

Myristic acid 12 percent 

> Palmitic acid 9 percent 

i Stearic acid 7 percent 

t Oleic acid 4 percent 


Palm kernel oil is largely used for soap making, chiefly in admix- 
ture with other oils and fats. Like cocoanut oil, it is eminently 
suitable for the manufacture of soaps by the cold ” process. 
The freshest oil is employed in the manufacture of vegetable butter. 

Cocoanut Oil. J. Lewkowitsch uses the analysis of the fatty 
acids of cocoanut oil by Paulmyer to produce the following table: 


0 . 25 percent 
0.25 percent 
19 . 50 percent 

40 . 0 percent 

24 . 0 percent 
10 . 6 percent 

5 . 4 percent 

1 J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 2, 564, London (1914). 

2 Quoted by J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 2, 621, 
London (1914). 


Caproic acid . 
Caprylic acid 
Capric acid. . 
Lauric acid . . 
Myristic acid 
Palmitic acid , 
Oleic acid . . . 
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LEWKOwi'rsi’ii :m 1 ( 1 s iliai Uk^ (iuanfiti(‘S of olcac*, capnu’c arul 
capry1i(^ a<’i(ls in (his analysis an* undouhtiHlly ton low. An 
ana, lysis by PIlsdon show<‘(l tin* following: 


(^'ipreic aci<l 

'J pcrrcrif 

( Pinrylic ncid . 

P pcrciiil 

( Pipriit acid 

10 pcrr<‘ril 

Laurie a(‘id 

ir> pcrc(*ul 

Myrisl i(‘. aci«l 

20 p«*nM*nf 

]5ilinilic acid 

7 pcrc(*itf 

St(‘aric af*id 

5 percent 

( )icic acid . 

.2 percent 


LrowKowiTscn holds dial tho ol(*ic acid in this analysis is 

also too low whil(‘ that of s{(*ari(' a(ad is much to<) high. 

Japan W’ax. (Japan tallow). "Pho imp(»rtant fatty acitl r(ni~ 
stitucmt. of this wax is palmitic* a<*id. Amcmg othor acids, sfoaric*, 
araohidic a,nd olcac an* .said t.o h<‘ jjnssonf.* 

(ioasn Fill. 'Phis fat (tonsisis {*.ss(*nt i.ally of oleic*, palmitic and 
stearics a(‘ids. d'hon^ am {)r(‘S(*.nt. also .*»:mall cjuanlitics of the 
low(‘r volat ile* acids. 

Uiuf Fat. Atatording l-o IChnst d\vcr<*HKnn *' lard corjsists of 
th(*. following: 


Linolic ac'icl 10 OCi {HTccnl 

Oleic acid . . t!) .'JO percraf 

Solid aci<ls (hy dilTcTcncc) -10 ha |HTcoat 


It is possilile* tliat linol<*nic ac*id is also prcsi*nl. In the group 
of tlic solid acids an* lauric, myrislic, palmitic and stearic*. 

Tallaw. 'Pallow is <*.s‘«<*nt ially a mixture* c»f palmitic, steuric, 
and ole*i(‘ acids. According 1 (j an e»xamination by Link in the 
laboratory of J. laowKowrrscfr them* an* |)rcs<*nt 2.'i.2 |M*rce*iii 
sicarie^ ae^id, 2H.d |M*r<*(‘nt palmitic a<*iei and 4S.4 |H*re*enf eil(*ic 
acid. It is possilJe*. that tra(*<*H of otheu* ucids like* liiiedenic iilso 
appear in tallow. 

Butter fat. dlie* following acids have* he*cn idemlified in 
fat: acedic (?), butyric, caproic, capiylie*, eaiprie*, lauric, iiiyriHlic, 
palnutic, stearic, ara(*hidic and olea’e* acids. It is hedd by e’(*rtain 
autherrs that Irutter fat also contains hydreexylated acids. The* 
presence of linolenic acid has iKtem <k^HcrilK*d. 'rhet |K*rcentage‘H 

^ J. Lkwkowithch: Oils, Fata and Waxets, 5tli I*]d., 2, 1154, I^aidon fl0I4). 

^ PP Twitctiiklu: Jour. Soc. (them. Inclustry, 51 r» f!H!)5|, 

® J. Lewkowitsc'h: Oils, Fats and Waxen, 5th IvP, 2, 7li7, I#f»iidon (lirl4|. 
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of the glycerids of the different fatty acids are as indicated in the 
following table, copied from Lewkowitsgh. 


Glycerids. 

1 

j J. Bell. 

1 

W. Blvtii. 

Sr»AIJiANZANI.=*' 


7.012 


5 . 080 

Caproin 


1 . 020 

Caprylin and caprin 

1 2.280 

0 . 307 

Olein 

Palmitin, stearin, etc 

37.730 

52 . 97S 

42.2 

50 . 0 

1 93.593 


100 

100 

100 


* Spallanzani : Le fetaz. Spcritii. Ttal,, 23, 417 (1890). 


Beeswax consists chiefly of free cerotic acid with a small 
quantity of free mellisic acid and small quantities of unsaturated 
fatty acids combined with alcohols. Ceryl alcohol appeal’s free 
in beeswax- Beeswax contains little or no glycerin, other alcohols 
taking its place. 

3. Significance of Some Fat and Oil Constants for the 
Colloid-Chemistry of Soap 

Since complete analyses of the fats and oils which enter the 
soap chemist’s kettle can scarcely be obtained, he must content 
himself in routine practice with a knowledge of their specific 
gravity, melting point, saponification value, Rkichert-Meissl 
value, iodin number, etc. For the non-technically trained, the 
meaning of these values and their probable significance indeter- 
mining in advance the colloid properties of the resultant soaps 
when more complete analyses of the fat are missing are appended. 

Since the natural oils and fats are not dc^finite chemical sub- 
stances characterized by definite melting points, it becomes 
readily intelligible why discordant results are obtained by any 
of the number of methods available for the determination of the 
melting points of oils and fats. In general, however, it may be 
said that the lower the melting point of a fat or oil, the higher 
the proportion in it of the lower melting point fatty acids, like 
the oleates, linolates or lower members of the acetic series. 

The specific gravity of any pure fat falls in any series with 
rise of the fatty acid in that series. Wide differences, however, 
exist between the specific gravities of the fatty acids of different 
series. It is difiScult for this reason, to find any relationship 
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between the specific gravity of mixed glycerids and the type of 
fatty acids found in the glycerids. In general, however, the 
lower the specific gravity of a fat the more likely it is to be found 
rich in the higher members of any fatty acid series. 

The saponification value of an oil, fat or wax which indicates 
the number of milligrams of potassium hydroxid required for the 
complete saponification of one gram of the oil, fat or wax is indica- 
tive of the amount of potassium hydroxid required to neutralize 
completely the fatty acids in that oil, fat or wax. Other things 
being equal, a high saponification value therefore means a high 
content of the lower fatty acids. 

The Reickert-Meissl value which shows the number of 
cubic centimeters of decinonnal potash required to neu- 
tralize that portion of the volatile fatty acids which is o})tained 
from 2.5 grams of a fat after distillation by the Retchert process, 
represents, obviously, the proportion of volatile fatty acid con- 
tained in any mixed fat most likely to yield soaps lying within 
the range of those commonly used for washing purposes. 

The iodin value of a fat or fatty acid is a measure of the pro- 
portion of unsaturated fatty acids contained therein. It may be 
used as an index, in comparative studies, to the probable pro- 
portion of the unsaturated fatty acids present in any oil, fat or 
wax to those of the saturated fatty acids and, by inference, of 
the proportion of the soaps of these two series of fatty acids with 
their varying physico-chemical or colloid-chemical constanls pro- 
ducible from the original material. 

4. Hot and Cold Process Soap Manufacture 

As familiarly known, soap manufacture may be carried on 
by either (a) the cold process or (b) the hot process. So far 
as the chemistry is concerned the two arc supposed to yield the 
same result. In either case, a weighed amount of fat or oil has 
added to it the amount of caustic soda which analysis has shown 
the fat to require for conversion into neutral soap. What is 
obtained in the end is a neutral soap holding a certain amount 
of water plus the glycerin split off in the process of the conversion 
of the fat to soap. 

It is a matter of practical experience that while the process 
of soap manufacture in the cold is the simplest, the results thus 


THE COLLOID-CHEMISTRY OF SOAP MANUFACTURE 171 


obtained arc not always so satisfactory as when the process is 
carried out at a higher temperature. It is also a matter of empiric 
knowledge that certain fats rea4ily yield satisfactory soaps when 
used in the cold while others, it might almost be said, never do 
so. The extremes are represented, on the one hand, by the use 
of such a fat as castor oil, cottonseed oil or even pahn kernel oil; 
on the other hand, by the use of hydrogenated cottonseed oil, 
stearin or Japan wax. 

What happens becomes intelligible when the qualities and 
quantities of the fatty acids found in these fats and oils are com- 
pared with the physico-chemical and colloid properties of soaps 
which are produced from the different fatty acids as illustrated 
in Figs. 1 to 13.^ Soaps are readily made by the cold process only 
from such fats as are approximately liquid or yield fatty acids 
which are liquid at the tempen'oture at which the soap is manufactured. 
In the older schemes of soap manufacture this process was regularly 
employed with such oils as olive, cocoanut and cottonseed.. Partly 
because larger and larger quantities of these materials are now 
used for food, and partly because the soaps from these materials 
are relatively soft and ''wash away easily (and for toilet 
purposes, for example, a somewhat firmer product is desired) 
the original oils have, with time, had admixed with them larger 
and larger fractions of fats with higher melting points. As this 
has happened the difficulty of making the soap by the " cold ” 
process has increased, for the fats rich in palmitic acid, stearic 
acid, etc., cannot be thus saponified. At higher temperatures 
it is, of course, an easy matter. Since saponification represents 
an exothermic reaction, considerable heat is produced which 
warms the soap mixture. For this reason fatty acids melting 
at temperatures considerably above that of the surrounding 
medium can still be saponified in the " cold.^^ The higher (solid) 
fatty acids also saponify more slowly than do the lower ones, 
whence the common practice of allowing the necessary fat-alkali 
reaction mixtures, when soap is produced by the " cold process, 
to stand several days, while, to conserve the liberated heat, the 
vats or frames are protected with mattresses. 

The now almost universally employed " hot process of soap 
manufacture may be dismissed with the remark that at the higher 
temperature employed all the oils and fats used (or, in the Twitch- 
^ See pages 10 to 29. 
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lOLL pnxu^ss, l.h(^ fatty a(‘i(Is {loriviul from ilK‘m) are liqui<I 
and tiuit tlnar saponifitailion in consiMpHatce. oecMirs (purkly and 
Hai-isfa(jtonly. Sin(‘.(‘. only a. lew hours are. ne<‘(*ssary for (‘(Hnpk‘.t(‘ 
HaponificaJion by tlie hot procaw, this is jH-ehuavd by lhc‘ manu- 

fa(^t ur(‘r to I ha ct^Id pro<*(»ss whieli 
may retiuin* s(^vc>ral days durini*; 
whi(di his vats, frariH's and inaehin(\s 
a.r(‘ kept <‘inploy<‘d in the inanufaf*- 
lure of a sin|£;le hat eh of soap. 

What hashetm written above may 
h<* rea<iily illustrat<‘d in laboratory 
<‘XjHU’imenls which follow th(‘ pra(‘” 
tic(*s of tin* soap elaanist. In Fifi:. 
1K> ar(‘ shown thn‘e beakers all c'ort- 
taininii: lh(* sann* mixt ur(*s <h’ ('otton- 
set^d oil and sodium !ivdri>xi<i, tin* 
amounts havini^ l»een so (diosen as 
to yi(‘ld a theoretically neutral soap, 
y In th(* first b(*aker on the left and 
6 in th(‘ middle b<»aker, the sodium 
^ hydroxid solution has b(*en pour(*d 
in a single “ eharge ” int<j the* oil, 
th(» former having la^en left withotif 
stirring, the latter iiaving i>een stirred 
imiiH'diately until 1 he mixture showed 
signs of stitTem'ng. In fh<* heaker on 
th(* right, the so<lium hy<lroxid was 
adiii'd in three sepaa^ale ‘‘rharges” 
{as is th(* praetiee in manufa, el tiring), 
j)ro|H‘r stirring following eai'h iitnv 
addition c^f alkali. pIiiHograph 

was ta,kt*n t-hi! following day. It 
will be (^hs^uwed that without stirring 
only a tliin soup laycu’ f.very diyj 
fonuH between the oil ami tin* wateiy alkali and sa|>oriificxifion 
Hi^eniH to eoin(‘ to a Hto|>; that when added at once with 
satisfactory stirring a tim^ ck*ar soap is (obtained; that when 
added in thnn^ fi*actions a gcHai soap fmt less |«*rfeet apfMxtninre 
results. We shall nduiai to tlie,^* findings later, but if is evident 
at this time tiiat from a knv rac‘Iting iioint fat^ ii satisfactory mnip 
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may be obtained by the cold process if 
of sodium hydroxid is added quickly 
and at once, the mixture is stirred 
until it shows definite signs of stiffen- 
ing and is then left to itself. 

Fig. 94 shows that when the cot- 
tonseed oil is hydrogenated, when, in 
other words, its oleic acid is converted 
into stearic (and similarly, perhaps, 
certain other unsaturated acids into 
saturated ones) the cold ” process 
no longer suffices to make soap. The 
appearance of the first beaker on the 
left in Fig. 94 must be compared with 
that of the middle beaker in Fig. 93. 
While no soap seems to have been 
produced in the cold, saponification 
of the hydrogenated fat is satisfactory 
as soon as the reaction mixture is 
heated for a time, as evidenced in the 
second beaker from the left of Fig. 
94. The same general truths are 
brought out in the three right-hand 
beakers of Fig. 94 in which, to mimic 
accepted technical procedures more 
perfectly, a sodium hydroxid of lower 
concentration and a reaction mixture 
containing a larger total of water were 
used to accomplish saponification of 
the hydrogenated cottonseed oil. The 
middle beaker of the whole series 
shows that saponification is again im- 
possible in the ^ ^ cold ^ A partial result 
is obtained if the beaker is heated to 
above the liquefaction point of the fat 
and the mixture is stirred; but to get 
complete saponification the reaction 
mixture must be kept some time at 
this high temperature as shown by the 
satisfactory result in the beaker on the 


only the requisite amount 



extreme right of the series. 
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Having r)l)sorV(‘<l how t he typo of oil r>r fat- (tmployod drtcniiinrs 
from a clK^mical point of vicnv whothor a cold or iiof proc-oss of 
manufactun^ will yi(‘l(i {h*s{. results, we iummI |o review the whole 
pnxxiss on(X‘ mon^ from tlx^ {Hiinf <4 A'iew of the ehaijp‘s wliieh 
ani iiK^idcait. t-o tla^ m(‘r(*. nuxin^ of any fat. (»r oil with an alkali. 
Tli(‘ (‘mi)irie. instrmdions <*ov(*rin^ the proe(‘ss are aizain many.* 
In th(^ (!a.s(^ of e<‘rtain “ oils '' a st-naiger alkali may ho used tlian 
wli(‘,n tJu^ mon^ solid fats” are (*mf>loyc‘d; <»r in the rase* of tint 
foniKU- ail tlH‘. alkali may Ik* add<*d mon» quickly or in one ehar^e 
whil(‘ in tiH‘ la4t(‘r s<‘V(‘raI .su<*(*es.siv(‘ and smaller ehar^es must 
h(‘ us(Kk The* soap mak(*r has ii<*re a<.^ain learn«‘d from praeiieal 
<*xp(u*i(*n(*(^ what may Ik* doru* with any in<livi<lual oil or fat, or 
what, may he* aceomplishe<l hy iiiixin|.C hlendiii^' sm‘h. What 
do tiu^Hc* thinjjjs mean? 

Th(^ ol(l(‘r soap eh(*mists n‘ro|i:nized that, in tlioir “cold” 
proeessH of Tna.nufa.(d.un*, (*mulsilh'at ion of tlie fat played an 
important, ruico, whtit happened in the hot process was ntU so 
dear. 

5. The Mixing of Fat with Alkali. Initial Emulsification 

J. LKiMiKUiFKU^ has correedly said that tin* c'olloid^rhemisf ry 
of Hoa|)H iK^gins with the eommeneeinent of tiieir niiinufael tin* 
and in dc4(‘ns(^ of this rf‘murk has i*inf>!iasi/.ed anew the signifi- 
onnctiof (amilsifieation in the mid method of soap iiianiifaef ure. 
Lkimdohfkh points out that when any fat is iiiixefl with eauslie 
soda Holution the two are emulsified in each other and that in 
the ‘‘gum” or j(‘lly whieh results, llie pnax^ss of saponifieation 
then pro(’ec*ds (<> an <*ftd. Aeeording to LKiMtaucFiae tfie soap 
formed “ adsorbs ” the* alkali and the fat, flie fiirllier rearfion 
between fhtwe. materials o(a*urring in the soafi gel as if were. 

We shall hav(^ (xa'usion to touch upon the “ aclHoriitiori ” phases 
of this explanation later. At this point w<* wish merely to eon- 
sidca* in somewluit gri*a(er (kdiiil the initial pro(*ess of emulsi- 
fication. 

It is field hy various aut hoi's that th(* <jecurrence or non- 
occurrence! of this initial firocess of eimilsification makes possible 

'As an illuHtration of tli<* technical lltcnttarc extant see, for cxiinipl**, 
Alexandce Wait: The Art, Soap Making, Nintli Imp , I/iridoit tlfUHi 
LKiMnhEFEE: Technologic dcr Hc*ifc*, A Drcsflcn c|!Hl|. 
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or irnpossiblo soap formation by Iho oobl ” pro(‘(‘ss. This 
(U)n(!lusion has b(^*n draAvn from th(‘ fjKtl. tluU» tlu^ fa.l.s which do 
not (anuLsify naidily in tlu^ cold also fad to sa,f)onify <aisily. Whiles 
prop(‘r })r(‘.vious (anuLsiticat ion does a,cc<*l(U'a.((t saponifi(%alion, lh(^ 
nad ditrK‘idl.,y is r(‘sid{mt in th(‘ natur<‘ of th(‘. fa,! t.y a.cids pr<‘S{ait 
in th(^ inorci solid fats th(‘. hi^’h<*r (solid) fa, tty )L::Iyc(‘rids bc.inij; 
split, with ji*;nait(*r diflKadty a,nd th(‘. n^sultinii; fa, tty a.cids (‘ondain-' 
in^ mor(^ slowly with alkali at. low t(‘in}Ka’a.t,ur‘(‘s than d(» the* 
niorc^ li(juid oils with thcar low(a* and mor(‘ itc.a.rly li(|uid falty 
actids. 

ld)r th(‘. f>rodncdion of an (anulsion, wind hen* soap bf^ made* 
by th<i cold or t.h(‘ hot, proc(*ss and wh(d.li(‘r from mait ral fat or 
t.h(‘ fna* falty acids, it is n(‘C(^ssa.ry to hold <iistinctly in mind 11 h‘ 
m(‘rc mdkitKj <')f tli(‘, (anulsion and its subsea jucid. sl(thili;jafi(ni. 
Ai<l is r(‘.nd(‘.nai tin* first, ])ro(*(‘ss by the^ nuadanical aji»:itation 
incideud, to the; iihu’c^ mixin/jj of thc‘ .soap-kedt cenist ituents. 
Usually, also, a nenv hatch of soaj) is .starteal by nmninii: t h(‘ mnv 
mass of fat or oil to b(‘. saponifieal into a, k<ddk‘ (‘ontaining’ flu* 
soa|) remnants kdd- from a, pnwious run. Hut evvam if a <'auHlic 
alkali is run at, once^ into a, cold ov a, hot, fat, soap format iem be^ji'inH 
veuy (piickly, for rar<'l,y an* th(‘S(‘ substa.ncM^s fn‘(* from a. (Hudaiu 
amount, of fnn^ fatty acid. As previously (diiphasizeal, it is nol 
possilik; to (‘imdsify faJ. in pun^ wa,l<‘r. In soafi manufardu re, 
Iherdon^, the fttl is not ennflsijird in irafer os is nvvessory in 
(ill siK'h instonrrsj in o lif/nid hi/drotfsf colloid, Ihmce the^ use*- 
fuliK'Ss of lH*^innin^ with a soap stock, tlie ^n‘ate*r case of emulsi- 
fica,tie)n if th(‘ fat- used is iiepiid at the* tempetrad urc (‘inployed and 
contains free* fat t^y acid, and thet (*xe<*<*din)ijj simplicity cd the* wliolc* 
proc(‘SH if all the* soa}> is made* from free* fatty aca'd (by the dbyrrear' 
Fin process). The* first portion of hydratc^el c’olloid hamd 
or produccal in the* soap kc*tth‘ then peuanits the* fats or fatly aedets 
added .subH<a|uc*nt ly to be* prope‘rly and pe*rmnne‘nlly etimiHifical 
in thf*m. 

The* c‘ase* with which such cunulsificadion is obtaincal is in 
its turn re*sid(*nt in fhe^ phiysiesal finalities of the^ fad ifself. ft 
is of>vif)UH that (unulHifieatifm e‘an he* eebtaine'd nmre* eaisily in the? 
ease* of a. low medlini^ fiennt fad, like the* liepnVI oils, tfian in thaf 
of ihet more* sedid fads, like tallenv, .stc*arin e>r Japan wax. Mnul- 
sions am HulHlivisimis of a liyiiid in a, licpiid. To |rc*f the more 
solid fats into this slade* an incre*HHe iii teunperadnre* is lhe‘re*fore 
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(Icuriandnd. It Ls for this roiiHon tlmt the high iiK*itiiig |H>iut 
fats, which are least likely to yield stitisfaciory (‘iimlsions faml 



Ffi:#r'K,K 


which saponify i)a(ily) at low t(‘inia‘raliiroH, aii: lawt iwfl af 

highctr temfx*4’at Tir(*H. 

Another factor in this matter of emulsification is found in 
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the properties of the soap formed to act as the colloid hydrate 
for the emxilsification of the fat. For proper emulsification there 


95 . 

is necessary not only an optimum concentration of the soap 
used, but also a suitable kind of soap. 

For soap manufacture by the cold process the soaps of the 
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1()VV(U* fatly arids of (Ih^ n(*(‘(ic and tho olralcs, Iino}at(*s, 

act as (‘inulsifyinji; ajj;(‘nls, for (h(*so viold litpiiil hydralod 
(a)Il()ids a,l- thc‘. low i(*ni|)(‘ntl un‘s pn‘vailin|^ in I1h‘ rcaffion ruixluro. 
Wlnai, how(‘V(‘.r, sonj) niariufac.i un* is aarrio«l (ant at a hii^hor 
t(nn|)(ira(4ir(i it is ol>vioiis that stjaps of (la* higher fatty acids 
will acd. Ixvlitn’, f(n‘ at. th(^s<‘ hi|i;h<‘r tcmpcralun*s the soaps of iIk^ 
lower fatty a(ads will hava^ “ ji;on{‘ into tria* solution/’ tlius losini^ 
t.h(‘ir hydrot)hiIi(*. cha.ra(*t(‘r. While* the* soaps of th(‘ hi^^hcr fatty 
axn’ds a,n‘. solid in tiu*. cold pro(’css and of little* uh* for cniulsi- 
fictation purpos(‘S, tiny l>(‘{‘oine licpiid hydrated cedloids af» flu* 
liiglun* t(nnp(trat un\s and staluli/a*. any (‘uiulsion that may he 
fornuuL 

It is of inten-est to examine: microsc^opically the* chanK^*s inci- 
dent to tins ('mulsifieat ion process. 1*%. ho shows the siicees:dv(* 
(^haiifije^s (d)S<*rvahl(*. \vh(*n seaij) is made* hy fix* cedel proc<*ss from 
eottonsee.d oil and eaustie! soda. After the* two inaf«*nals have* 
he(m stirnal into (*a(*h otheu’ as pre*viously de'scriheel fen* the* middle* 
heaken* of Ki|i;. IKi, a soaf) Is rapidly hnaneel (since. e*ed tenis«*(*d enl 
usually eontaiuH Hoiiu* fnx* fat ty acid) in wliie'h flu* unused peniions 
of oil them Ixtconie dis|KU’.He*<l as sliown in phe)!oinieTf>|j:raph .1 
of Fife;. 95. If a dro|> eif this mixture* is walchi*el und<*r the* nuVreo 
Hcope for a little^ time, the oil drof>le*ts an* fenmd tc> dimifush in 
size wliih^ heaxeminfi:; surroundt‘.ei witli an inc*re*asinKly tliiedie»r halee 
of liydratenl soat). This is sh()wn in /h The* halo fijnews in thie'k- 
nesH until the whole*, alkali-fat mixtures se*lH inlee a firm j<*lly, tiie* 
apiKmranca^ at this sta|i;et heinf< repn*se*nte*el hy (\ In tlm course* 
of a numhe^r e^f hours or H<w<*ral days tlm wholet n*aotieni mixture 
comes to chernieail equilibrium, when if pre*H(nitH I lie* more or 
less imifonn a.pfK*anin(*e^ of />. "rhiH final pieturet rf*.pr<seniK a 
hydraUid tnixed soap in whiedi tlic^ soaps of thf* liigher fatty iieids 
t(md to crystallize witliin the f4oups pomms^td (jf Iowc;*r nielfiiig 
points, 

6. Concentration of Alkali and Method of Adding it for 
Saponification 

We need now to go liack ove*r f.he ccnirse* of soap making a 
third time* in ord(?r to analyze* for a meuiient. seaiir* of the* prac?tic*at 
facts utilized in d(‘tennining the mcdliod and the f,*ofic*f.*ntnitimi 
at which an alkali is added to different fats and oils for ihidr 
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saponifKuition. It may lx*. sia,l.(xl a.s g(^n(*rally (ru(‘. Iha,i. alkali 
may Ik‘ addcxl in lufiih coiHaait ration or in a, Hing‘l(‘ (9iar|i;<* of (h(‘ 
th(X)r(‘-t ioilly neca^ssary amount, only to su(*h licjuid fa.t.H a,s cot (on- 
HC‘(‘d oil, castor oil, linscaal <h 1, (*o(H)a.nut. oil or paJm kcnaad oil. 
Wlam tallow, sttairin or Japan wax soap is t.o Ix^ ma,d(% tin* alkali 
musk bo ad<l(al in s(W(‘raI smalka* (Jia,rf»;(\s a.nd t lu^ concaait rat ion 
of alkali in th(‘. individual char|jj(‘K must. b(^ lowca*. i;‘iv(‘. specific 
(‘xam|)l(‘S tiu^ followinji; may b{‘ (at.cal. IJnscaal oil may Ih^ saponi- 
fi(‘d by adding to it at. onc(^ tlu^ nxpiisitc^ amount, of sodium hy 
<lroxid at 24/^ to 28"^ Haiimc (17.b t.o 21.4 pctnaad.) ; caxaainut oil 
will (oknutc*, a first (4iarf»;(‘ at. i<>‘" to 20'^* Haume (10.9 t.o 14. .1 fHO*-" 
(‘.(Uit). Against tJK‘S(‘ tigunss t.allow must b(‘ t.n%'it(Hl with a, hrsl 
fractional chargci at 1 r* Ikunnc (7.2 p(‘rcent ) smaaxakal by a. 
second at 12® to 15® Ikiumo (S.O to 10. 0 jxu’cimt). Mvaai tb(‘ 
final charg(^ may not safiJy (^xtxuxl 20® Ba,uinc (14.2 ptnreni). 
What is the exf)lanation for thcs(? (‘m{)iri<!ally w<41 known faeJs? 
It is not a mattcu- m(*r<‘ly of t.Iu* rea<li(‘r saponifica.{ ion of the* lower 
melting point fat.ty acids found in t.hcM>ils or of tln^ gnaiter ((mdcaicy 
of the higtuu* fiit.ty a(‘id soaps to hydrolyxt^ VVcu’c^. (his (In* (*ns(% 
t-hen th('- hi(jhvr coruamtralions of alkali shouhl a.(d. b(*st up(»n 
t.h(^ liigh(U‘ nudt.ing ])oint fats, whiles just, tlx^ oj)posit<^ is th(‘ caH<^ 
It is tfui (j renter seNsitire/ie.ss of the .^(eip.K of the hi(jfier fottij acids /e 
saltbiij-out ejleeis (of the. sfxlium hydroxid in this case) whieh 
explains these etn pirie jualinijs, 'Phe soaps of (’astor oil, Iins(xxl 
oil aiifl c.o(!oa,nul. oil ram sca.rc<‘ly bfi salte.d out. by H<Hlium hy<lroxid 
at a.ry eomxait raJion, whiki tlx^ s<xlium pahru*ta.t<*, stc^arate, 
ara('hida,t<*, ate., formc<i from talk)W, Japati wax, cemK* 0!»t 

in V(uy low conccait rations of alkali.^ dlic. use* of larg<‘r vcJumcH 
of sodium liydroxid (containing low(‘r (’oncent rat ions of tfa^ alkali 
in th(^ pnxlucticm of I h(‘ tallow soaps means (hat (lx* H<»ap as 
fornaxi has mon* sohamt. pn*s(‘nt in whicdi to dissolve* whiles 
tlu^ ('omumt ra,t ion of alkali pr(*S{*rd. in tins solveiit is md Hiiflieie'nt 
to salt. (Hit. th(? .soap. Th(t alkali add(*d in a, first (‘luirge* is lost 
from ilie systean as it combin(*s wiili the fat to niak(* soap, in 
conseqti(*nc(* of wliich tlx* s(‘cond cha.,rg(* may lx; of high(*r (‘oncen- 
tration for tins is cpiickly diluted on f*nlming the* wrap kettles by 
the voluriK! of wat(*r carricxl in with th(‘ first charge*. With tlie 
second charge of alkali us(*d up in saponificadifm, tiie* f.hird efiarge* 
is quickly diluted wifli the wate^r k*ff from tin* prc*vious edtauges to 

* Six* {)agf»H 11(> to 120. 
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a concentration which will not. in its turn salt, out the soap, for 
it is at aJl tini(‘S tJa^ coturntrdlion and not the amount (jf alkali 
(or ot.hcu- salt) in th<^ (‘iitirc soap/watcu* systfun wlu(*h dmminincs 
its saJtinijC-^^Pl' otlVcts. 

(liven (he (juitlitalivv coni position of a f (it, the upper limit of the 
co‘ncenlr(ili(>n of any hydros id which may he un^d for its saponi- 
Jleniion is determined hy the eotawntration at tehieh the stmp of the 
hiyhesi f ally acid found in that fat is salted (}ut at the tempi rat are 
prevail iny in the soaj) vat. 


7. The Changes in Soap Systems Consequent upon Cooling 

Th(* first chang(* tc> In* discussed as the* t(un|H*rat un* of a iMuling 
soap/wat(u- system is lowered f whether it containH glycerin or 
not) is that of its tcmdency to change from wfiat at fin* highi*r 
t(anp(U’at un‘ was a solution of st>ap-in"Wat(*r to that whic‘h at the 
lovvcu* is on(^ of wa(<‘r-in-soap. The apparently coni ra<Iictf ?ry 
findings and views which dilTenuit authors havf* rf‘eited fujvering 
th(t natures of flat chang(»s ohs(U'V(‘d may all he harmonized when 
t,h(‘S(‘ (dia,ng(^s from oih‘ systoui to tla» other fimduding tin* pos™ 
sihl(^ inhn-inediates of an emulsion ’’ af hydrated soap in soa|> 
wal(‘r ff)llow{*d hy oik^ of soap watc*r in hydratcal sonpl are kepi 
in mind. 

B<*ginning with the days of (hinvHKun, the soapH wi^n* held to 
he salts of tlu^ fatty acids eoiitaining a definite annmni of water 
of crystallization which on solutimi in wal(*r yielded Holutiorrs '' 
lik(i all othcu* salts. Many physical cdrenristH hidd t«* this view 
into the nineti(‘s (rf tin* last century, for |>un‘ and mixed K<mpH in 
dilute solution showcai an osnaUir* pi'esHurf% an ele(Uri<*al condtic- 
tivity, a dcqrression of the frer^zing point or ekwation of the hoilirrg 
point (|uite lilaj nonnar’ (d(*et roly tea (JamkhW. MoBaov, M. 
Tayloh, (1 (h V. (’oitxiHH and H. (I BcnvnKx,^ McdiAix and 
TAYUoit-^). Following tire Htudies of F. KiiAFFr and IL Wuwow;^ 

Mamkh W. McBAfN, M. TAYi/>ii, (\ (I V. (kmsma mid li. (I Bowues: 
Berich. d. dent, chcin. (ienc^llHch., 4S, :m nmou Jour. C'licm. Hw* , I«l 
2041 ( 1 . 913 ). 

® McBain and Tayuor: ' Zeitschr. f, physik. C’hctn., 7i, 1711 I Bill i; 
since this time, however, tliese authors have niodified their vieW-H.; we 
Jfmr. Ain. (!hein. Hoc., 42, 420 (1920). 

F. Keafft and ll. Wiuum: Bench, d. dent. chem. (lenelkch , 2573 

( 1895 ), 
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A. Smits/ F. Goldschmidt and L. Weissmann,^ these views 
received modification. Krafet and Wiglow observed that when 
the soaps of the higher fatty acids were studied at low tempera- 
tures these commonly did not lower the freezing point in the cal- 
culated amount;- and Goldschmidt found that the electrical con- 
ductivity was not as high as theory demanded. The same soaps 
when studied at sufficiently high temperatures did, however, 
show the behavior of normal electrolytes. Obviously the earlier 
observers and those working at high temperatures dealt with what 
were essentially true solutions of soaps in water; the latter stu- 
dents of the problem, working at lower temperatures and with 
higher fatty acid soaps, dealt with mixed systems. The former 
worked in the region A of Figs. 48 and 49 ; the latter anywhere below 
this but still in regions in which were present solutions of soap-in- 
water admixed with solutions of water-in-soap. What characteristics 
of a true solution their mixtures still showed were dependent 
upon the presence of the former; the characteristics at variance with 
those anticipated, in other words, the “ colloid ” properties of the 
systems were dependent upon the latter. 

8, The Salting-Out of Mixed Soaps 

The salting-out of mixed soaps has been made the object of 
special study by Merklen ^ and Leimdorfer.^ Both give excel- 
lent analyses of the content of soap, water and dissolved sub- 
stances (like alkali and salts) present in the two main phases, the 
“ lye and the “ curd ’’ or settled ” soap, which may be ob- 
tained after complete or partial salting-out. 

The observations detailed in the previous pages on the salting- 
out of the different soaps help us to explain, we think, in simpler 
fashion than is generally the case the series of changes observed 
in the contents of the soap kettle when salted and cooled. In the 
ordinary salting-out process common sodium chlorid is shoveled 
into the boiling soap kettle in dry form. Assuming that it goes 
into solution at once, it is obvious that there follows a progressive 
increase in the concentration of the salt in a soap /water system. 

^ A. Smits: Zeitschr. f. physik. Chem., 45, 608 (1903). 

2 F. Goldschmidt and L. Weissmann: Zeitschr. f. Electrochem., 18, 380 
(1912). 

^ Francois Merklen: Die Kernseifen, trans. by Franz Goldschmidt. 
Halle a/s (1907). 

J. Leimdorfer: Technologie der Seife, Dresden (1911). 
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Whil(^ it. is onlinnrily t h<)U^:h{ that all tin* soaps prfsrni in thoinix- 
lun^ of soaps in lli<‘ soaj) k(‘ftl<‘ hciiiin to .s*|Kiralo (Hit as soon as a 
sufn(a’(ait coiHaail rat ion of tin*, sail has lH‘rn (»fjtain<‘f|, the quan- 
t.it.ativ(^ stu(ii(‘s pr(‘viousIy <l(‘tailo(i show that tin’s is h\’ no moans 
t.h(‘. (an.S(a A (‘omamt rat ion of salt, which will salt ou!< fla^ soaps 
of lh(‘ higiun* fatty acids of lh(* aortic sonVs will obviously bo 
r(‘a(dH‘d sooihu* t.lian (m(‘ which will salt out I ho linvor soaps. 
\Vliil(‘, for instanc<*, a sodium stiairaio is saltotl out in tin* cold 
by a. a" Baumo sodium ohlorid s(»Iuti(nu sodium laiirah* ro(|uir(\s 
a. 17“ Baumo salt walm* t(b SaiKiua, h. 'Fho i^onoral truth of this 
law finds (‘Xpr(‘ssioii in thofaol I hat aftcu* apparoni total separation 
of th(‘ mix(‘d soaps as a. ounl from the spent lye, I lie latter still 
contains some soap. But the contained soaps are essimfially 
those of th<^ low(‘r fatty ac'irls. dda* curd pi r nuitni is rolativ(»ly 
poor in lh(‘sc‘. 

During tin* firooc^ss of salt in^^-out, a soa{» mix! ur(» fnapiently 
gums,” goes stringy” and lends to IhuI (»ver, a silu*ation 
whitdi th(^ practical soap makiu* has h*arn(*d to moot, by rajddly 
shovading in mon* salt. d’h(* explanation of what hap|>ens is 
found in the* oxp(u*iiiHmts (Ui tlic* salting-out (»f s(japs. Ii(*fore 
(a)nqd(*t(‘ salting-out is ohtairaal the previously li(|uid s(»ap mix- 
t.ur(‘S t(*!id to gel iHaatUHo of tla* emulsifioal ion within th(*m c»f 
sali“Vvat(‘r, Through the addition (»f inon^ salt, how**vm\ the 
amount of this snli-wattu* phasi* is inoroased and us this liapfHUiH, 
change in lyjM^ of (unulsicm occurs the hydratiai s<»a|> mnv becom- 
ing disp(U'sod within lh<* salt-watm’ as the (»xfornal phase, and 
tla^ AU*seosity of thc^ kc^tth* (umlcnts falls. 

It. is the* c<>mmon practii'o in Ihi* salting-out of stuijm Up add 
rin/ salt, to the soap k<‘tt-lm Idas repr(*sentH economy, of coursi*, 
from tli(‘ pcHiit of vi(»w of th(‘ amount of salt receded, for if is flic 
comamt ralion of thc‘ salt in the tc»ta.l vedume wafer present 
whicli d(‘t(‘rniines when tlat mixiai soaps will “ emne out of solu- 
tion.” Solution of the crystals of salt in the soap ketlliq liow- 
ev(jr, takes time and even the shoveling in (pf mon» salt info tlie 
soap k(dl]e cknxs not at once increase* flu* caaniuitration of dis- 
Holvcal salt'. The use of a pro|K‘r hrinc* iind(‘r such cireiimsfanceH 
would work and more* rapidly in l^ringing I hr* soap kettle 

conteniH to the safe* side* of the g(*Iati(m point of the mixture. 

* (t Stikfkl: Fotie, Ode mid Wnrhm, tmw,, 112, IjupFjg 091 ip H<*e fili» 
page MO. 


THK ('OLLOIIM 'IIKMISTIiV ()K SOAI* M AN nKA( 'I'H IMO \Ki 


also (o 1 k‘. (‘X[)Ia.in(al (h(‘ (liflVnaHa^s iiKa’doril <.o (Ih‘ 
saItin^i;-out of soap al. a, hi|i:h l(anp<‘i*a,l ur(‘ and ai a. lowaa* oii(‘. 
Soap h(‘in^’ inon*. solubl(‘. in, wainr a,t- a hisi;li(‘r Uuii[)(‘ra,l ur(% a, lii|i;’h(a* 
a!)solut(^ (a)n(*(ail rat ion of salt, is r(‘(iuir(Ml to salt. it. out. a.t. such 
tlian at a lovv(‘.r oik^. slow r(‘V(‘rsaJ in t.h(‘ syst(au from ora* of 

soa.j)“in~wa,t(‘r to on(‘ of wa-tcu-in-soap with lowca’in^ of t.caiipcu'a- 
tun^ n(‘{‘ds also to Ik*. k(‘[)t in mind. This (‘Xplains tli(^ slow ^(‘la- 
tion conunonly ohscuvcal in tli(‘ ‘‘ ly(‘. ” aJtcu* t h(‘ whoh^ soa.p-wa.t (‘.r- 
salt- inixturo ha,s Ixam allowcul to st-and for a, numlxu* of hours. 
Th(‘. soa,i)s of th(^ low(*r fatty acids which an*, still st)lul)l(‘. in wat<‘r 
at th(* hij!:h(*r toinp(*rat ur(\s, (*V(‘n wlaui sodium clihunl or oth(‘r 
salt, has h(‘(‘n a(I(l<‘d to th(‘, point wh(*r(‘. most of th(^ soaps an* saJt(Mi 
out, slowly coni(‘ out of solution, Ixaunnc^ hydra.t.(ul, a.nd if (*nouj;‘h 
of such an* i)r(*sciit, th(‘ ly(^ ifs(‘.If gcisd 

9. The Finishing of Soap 

Soap may be. finish(‘<l ” for market j>urpc)S(*s in t in* soap ketth^ 
it.S(*.lf. Mon^ commonly, how(‘ver, the. ‘Curd” obtaiiHMl aft<u‘ 
compl(‘.t(^ salting-out of a. soap is r(‘li<‘at(‘d, redissolv(‘d in more, or 
l(^ss wate.r and sa.lt<‘<l out more or l<‘ss compl(‘t(dy a, setrond time 
l)y again b(u‘ng tr(‘at(*{l with sodiiim c.lilorid of dilTer(*nt. (toncam- 
trat.ions. 

l)<*{Hmding, on tin* om* hand, Ujxm t.hc^ kind of fatty a.cids ami 
tiudr (juantitat iv<' rc*lation to (‘ach <)tlH‘r in a. givcm mixtiin^ (fjo*- 
lors commonly ignored), upon tlx* oth(*r, (»n tlx* amount of sodium 
chloric! acldcxl, th(‘re may be obtaincxl fl) a graiix‘d or emrd soap, 
(2) a. S(dtl(‘d soap, (•i) a half-sc‘t tlcxl soap or t l ) a soft son}). 

^ This in the Bystern ohiainecl in making a “set tied’’ neap niie KernH«‘ifc» 
auf I/‘itiHU(ulerHehIag” of the (iernuuiH) and that tifion whi<*h 
mad<^ most of his ohservationB. He eormi^lerH tin* gc*latinoiis lye “a .HoIntic»n 
of H<»apH in an alkaline lye eontairiing HultH;” tlie soap nird also “a Holuiiott 
of HoapH in an alkaline, lye eontaiiiiiig Haltn*’ and Iiolds thi* two to repreHent 
“phaHen” in eciuilihriuin with (*aeh otiaT (KxA.S'eoiH .MniiKr.ns’ : l)i<* Kern- 
seifen 13, njdk*a /H CHH)7)). Ah ohvi<»us from the above, the “enrd” phaf-eiHa 
highly <'oix*ent rated one* of hydrat<*d duglxn* fatty aeid f Hoap etmlaining some 
Halt-watc^r emiilsificxl ifi it; the '‘lycd’ fdiasc* f wheat gelat imam) fdso one of 
hydrated (haver fatty neid) H#»ap of hiwer eonec‘ritrati(at and eontainiiig a, 
high imrecuitage of salt-waicr emulmfied within it. Scat t.he sucaaaaiing mad ion . 
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§ I 

The (jrainrd or curd soap is ohtiiiiHMi \vliriifv«‘r <*nnuKh sfHliuni 
chlorid is a(l(i(‘(l for saItin^-<Mj| of ihi* suap. rndor such 

(•imnosl.a.no‘s lla* vat (*<)iit<‘iits s(‘parato ini<i two disliiKi pliasi's; 
an ui)p<a* (‘oosislin^ in (‘sstnioo of puiv soap ronfaiiiini^ vory litllo 
walor and vary litll<‘ sodinin chlorid, and a Irnvcr. in ossiairo only a 
sironf!; sodium (*hlori<l solution containing practicaally no soa|h 

For th<‘ pnsluction of a sritUd soap a !ow<*r conccni ral i(ui of 
sodium (‘hlorid is us<*(L rndor surli enrrumsi anrcs soparalicm 
into t.vvo phas<*s also (x'curs. Ilic n|)|H*r is airain essentially a 
runl Hoa.f) but it is less dry this time. Bfa-aiise of the larger 
t)roportion of \va.ti*r t.ht‘ soap is smootheu' and of a more launogeni"- 
oiis struetur<‘. It also etmlains a larger frarlion of sail. Tho 
lovv(U’ phas(‘ is still in (‘ss<mee a “salt soliiti<ui ’* !»ut !a»eaus<* af 
th(^ l(*ss |M‘rfeet salling-out of tlie soap tespeeially n{ those sfmps 
l(^a.st simsitive to salt aelion) tliis phase still eontains ho high a 
fra, (!t ion of “ dissolved ” soap that mi (’ooling it jellies. 1’hi‘ soup 
systiun as a vvlude n*prc‘HentH what thc» C i<‘nnans call “ Kernsiufe 
auf Ij(‘inmi(*<l(‘rsehlag ” and it is this system whieli hfiAxyois 
Mhuklkn * has studHul in <letail and to which he fins applied tla^ 
phas(‘ rule. W(‘ (jiK’stimi whether I hi* true nature tin* two pliaH*H 
iuis h(*(*n eorr(*etly umlerstood liy this author, srari'ely a matter 
of Hur|)rise when it is renieml>ered that he worked throughout 
with mixed soaps. In our juiigment, tlic^ Hi*ries of elmnges oIh 
siuwed iind the nature of the two |>liasi’s finally obtained seems 
to 1 x 5 as follows. Idle <*on cent ration of sodium ehiorid added to 
the original soap solution is stieh as will salt out the various soii|)h 
unecpially well and only partially, llie H4ifipH most simsifive to 
the prcHimee of salt will obviously tf*nd to (*oine out first, wlienc‘e 
ih(i ui)tM*r phfiw? or ** eurii (rieh in .Hoa|>s of the fiigher iiiembem 
of the*, aecdie smaes, the oleiites, linolates, ete., and relatively poor 
in wat(U*) eaught in tlie mi'shes of w!nc»ti is a i*eilain amoiinl of 
salt water, latter is responsible for the higher fraelioii of 

salt found in sidtiial soaps when eomparml witli pim* eiird soaps. 
Sonu^ soaps, (*H|H*eially thosi* priKhieixl from the lowe.r niemlMW of 
tlie aeotie remain in solution in the lower or sfilt ^viiier 

pluiw*. but with time thifscN hdl out of Kohifioii mid Isaamie 

* FrtANyois Merkusn: Ktude «ur la cxatHiiiutioii dm mivaun dii oifriiimro*, 
Marscnlles (HKMi), 
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hydrated, whence the late jellying of the lower of the two phases 
in the vat. After such jellying has occurred, the lower phase is 
qualitatively similar to the upper phase but different in quan- 
titative composition. The lower phase, too, is an emulsion of 
salt water in hydrated soap, but viewed as a whole this system 
is poorer in soap, and richer in water and sodium chlorid. 

To produce half-settled soap, still less sodium chlorid is used in 
the finishing of an originally curded soap or, as commonly prac- 
ticed, not enough salt is added to the hot contents of the soap 
kettle to get any salting-out. On cooling, the kettle contents sim- 
ply become fairly solid. Separation into two distinct phases 
does not occur, the contents of the kettle or soap vat simply 
changing to a soap which in essence is an emulsion of salt water in 
a relatively highly hydrated soap. 

If the attempt is made to increase still further the water- 
holding capacity of a soap, a mixture is finally obtained which is 
no longer definitely solid. We then have a so-called soft soap. 

The above paragraphs have described the finishing process in 
soap manufacture as carried out with sodium chlorid. In prac- 
tice, however, other materials having an action similar to that of 
sodium chlorid may be, and ai*e, used to accomplish similar 
ends. Instead of being filled with sodium chlorid solution, 
soaps may be filled with ingredients more useful in washing, like 
sodium carbonate, borax or water-glass.^ Under such circum- 
stances there are also obtained as final products, emulsions or 
solutions ” of these various materials in hydrated soap. 

§2 

The inequality in distribution of such a dissolved substance 
as sodium chlorid, alkali or sodium carbonate between the 
two phases commonly produced in a soap vat (the upper soap- 
rich phase and the lower soap-poor phase) has often been inter- 
preted in the terms of adsorption.'^ There is still much debate 
about the nature of adsorption, though it is generally assumed 
that the union between adsorbent and adsorbed material is of a 
physical character and that it follows the adsorption law, which 
states, in brief, that an adsorbent will take up relatively more 
of a dissolved substance from a dilute solution than from a more 
^ See the succeeding section, page 192. 
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18 (> 

(‘,()nc(^nira.1.<ul oiK^ Wiihoul point iiiji; out (luit. !ioii<‘ of th(‘ authors 
who ha,V(^ us(‘(l lh(‘ coiicc^pts of adsorpliou for fho oluciclal ioit of 
va,rious ])ro])l(uus in soaj)-inakin^ have* oviu* supporU‘<i th(*ir <a>n- 
t(uiiions with a.ny fi^’ur(‘S, it. is ola’ioiiSj if tho vic^ws rxpros.sod 
abov(^ a,r(‘. (*orr(‘.(^t., l ha.1 what ihry hare fuLu n as (ridrNrrs af (id- 
mrptiofi ” hdircrn luvrious so-adlcd ‘‘ di.ssolrcd ” (uid Un* 

HOivp.^ (alkali, fat. auid soap in th(‘ (U'iginal soap k{*tflc; \vat4‘i% salt, 
a, rid soap in th(^ salt in^i:-out pro<*oss; sodium ('arhonato, watcu’- 
^’la.ss a.nd soap in th(‘ “ tillinii; ” prorasss, (dr.) niii all he nufre fv/.wY// 
utidvrdood nicri'Iif (is the expn'ssion of (hr (‘Oiid.sljinifiofi of oto type 
(f (lik(^ fai or salt solution) in o st^rtnid (thi* soaps of th«‘ 

va.rious fa.lly acids with llaar variahh* hydration (*apa(‘it ics). 

§•1 

In t,li(‘ finishin^i: of soaps (part iculai'Iy th(» toihd soap.s) for tin* 
marked., IIku'o is ofteai addeal ^lycaa’in or sohh* (dlau' alroliol. 
IJndevr such (arcumstanct^s thc^ j>r(Htmd is more* liki*ly to ht* /max™ 
parent. n^asons for this ar<^ found in tin* iiatun* of tin* col™ 

loid-(dHunical systtan soap/a, h’oliol as companai with that of st^ap/ 
water. 'rh(‘ fornuu’ is uniformly cl(‘ar(‘r than the latter. From 
ccu'tain soap/aharhol systeans, lik<^ sodium palmitato with benzyl 
alcohol, tinislKul soaps may Ih^ oidainerl which are lii^laHslike in 
appcaran(‘(*. 

10. Some Physical Constants of Market Soaps 
§ 1 

Exclusive of admixtur*(^ with non-HaiKmifialde rnat«»rialH, exchi- 
sivci of the (dTeuds of all additions in iIh^ way of exccHS alkali, salts 
or filku’H and (‘xc.hisive* also of variiifion in ty|H^ of Hedvmil 
(men or a})H{aHa‘ of glyc(*rin or other alcohols) ii c*orre(d estiinitte (»f 
what will h(‘. th(^ physico-elnanicnl pro|Haii(*.H of any Hoa|) iiinst 
(vvidently dc^iKuid fimt , upcm the kind^ the number and the reUitire 
projHrrtwm of tlie fatty acids found in f in* original fat used 
saponification. Witli a givem has<^ and with a caaistanf Holveiti 
(water) the result is that obtained when such a mixfuitt of dif™ 
f(*rent soaps is allowed to come 1ogi*th<*r in tlic! |)n*i 4 (*n(*e of a lint* 
it.ed amount, of wat/Cr. 

The ordinary bar of pure soap is tliercdore c*sj4c‘ritiiilly only a 
solid solution of water in a mixture of sodium scjafis. Except 
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in the instance of soaps designed to meet special purposes, the 
stock sodium soap contains a long list of different fatty acids 
and as such serves to meet technologic needs under the largest 
number of ordinaiy circumstances. Usually, in the manufacture 
of such soap some liquid oil or fat (like cocoanut oil) has had 
added to it smaller fractions of the more solid fats (like stearin, 
tallow or Japan wax). The result is a set of some eight to fifteen 
different soaps of widely vaiying solubility in water and sen- 
sitiveness to salt action, and possessed of a chain of fatty acids of 
progressively different melting points. 

When such a mixed soap is completely salted out from its 
solvent as a curd soap it is a relatively diy affair, the yield 
from 100 parts of the original fat being only about 150 parts of 
finished soap. When ncutaul and carefully handled this is the 
basis of most of the common toilet soaps. The advantages of 
such a material for all ordinaiy purposes arc ol)vious. The soai) is 
free from any excess of alkali or sodium chlorid and the series of 
soaps present yields a satisfactoiy (liquid) hydrated colloid with 
water at any of the ordinary temperatures at which it may be used. 
Since, moreover, in the salting-out process, the higher acetic 
series soaps come out first and the lower ones with the olcate come 
out later, the arrangement of the different soaps within the solid 
bar is also such i.hat the most readily soluble soaps l)ecome 
hydrated and dissolve first, thus favoring disintegration of the 
bar for the production of the hydrated liquid colloid required 
for washing. 

It is well to discuss here the composition and nature of the 
so-called hot and cold water soaps and the marine soaps. A 
cold water soap is one which will in cold water yield the (liquid) 
hydrated colloid necessaiy for washing. Obviously only soai)s 
rich in the lower fatty acids of the acetic series will do this, and 
hence the use of pure cocoanut oil for the production of such a 
soap, and the omission from the soap kettle of fats rich in palmitic, 
stearic and arachidic acids; for the same reason fats containing 
in essence only oleic, linolic and similarly constituted acids 
are used for such soaps. On the other hand a hot water soap 
must contain the higher fatty acids, for at higher temx)erat-ures 
the lower soaps dissolve ” and pass through the liquid hydro- 
philic colloid state into true solution too rapidly. The marine 
soaps are such as will maintain their hydrophilic colloid properties 
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(and consequently will wash) even in relatively highly concen- 
trated salt solutions, like sea water. The ordinary soaps rich 
in the stearates and palmitates are useless under such circum- 
stances, but the soaps of pure cocoanut oil and similarly con- 
stituted fats work very well, for their entire soap series is largely 
unaffected by sodium chlorid of the concentration found in sea 
water. 

The settled soaps, which are smoother and decidedly less dry 
than the curd soaps, owe these properties to the fact that they 
hold more water than the latter. In the curd soaps the higher, 
more solid and more crystalline soaps tend to fall out within 
the more liquid ones, thus making for non-homogeneous soap 
mixtures. When through such less perfect salting-out these higher 
soaps are perrnitted to hold a larger fraction of water the whole 
system appears clearer. Because of the higher water content 
100 parts of the mixed fats commonly yield 175 to 200 parts 
by weight of finished soap of the settled type. 

The half-settled soaps and the soft soaps are usually made 
from the kettle contents direct. They differ from curd and settled 
soaps in containing a still larger fraction of water — commonly 
250 to 600 parts of finished soap being obtained from 100 parts 
of fat. The water in these soaps is held in part in the soap itself, 
in equally large or even larger fraction, however, as water joined 
to filler. The filler may be sodium chlorid but commonly it is 
water-glass, excess alkali, sodium carbonate or sodium borate, 
or two or more of these in combination. When sodium soaps 
are filled with these materials a final product is obtained which 
is still fairly firm. The distinctly soft soaps are usually potassium 
soaps made from fats and fatty acids of low melting points. 
These may be and are filled with potassium salts so that the 
final yield may be as great as ten times the orginal weight of the 
fat used. When the filling of potassium soaps is carried out with 
sodium salts a partial conversion to sodium soap occurs which 
tends to make the final product less soft. 

§2 

In connection with the above facts which show how much 
water different soaps may be made to hold, it is of interest to 
introduce some experiments of C. Stiepel ^ on the hygroscopic 
1 C. Stiepel: Fette, Oele and Wachse, usw., 100, Leipzig (1911). 
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properties of the sodium and potassium soaps of different fatty 
acids. Stiepel found that 100 parts of the following dry soaps 
would take up from the air the following number of parts by weight 


of water: 

Potassium oleatc 162 

Potassium palmitate 55 

Potassium stearate 30 

Sodium oleate 12 

Sodium palmitate 8 

Sodium stearate 7.5 


As we consider the water-holding power of different soaps 
against the forces of evaporation of much biological importance 
(since the metallic fatty acid compounds are analogous, in our 
minds, to the metallic amino (fatty) acid compounds which 
make up protoplasm we wish to insert here some experiments 
on the rate of water loss by various soaps when exposed to ordi- 
nary atmospheric conditions. The relationship between the 
chemical constitution of a soap and that of the rate at which 
any amount of water it holds in colloid-chemical union is lost 
to the air is shown by the following: 

When 10 grams of half molar solutions of different soaps 
of the acetic series are placed in low evaporating dishes, 10 cm. 
in diameter, and allowed to lose water at 18^ C., the relative 
percentages of weight lost at the end of seventy-two hours are 
as indicated in Table LVI. There is obviously an inhibition to 
water loss by evaporation as the acetic series is ascended and a greater 
water loss in the case of the sodium soaps than in that of the potassium 
soaps, 

.TABLE LVI 



Na 

K 

Propionate 

95.2 

93.0 

Butyrate 

92.0 

93.0 

Valerate 

93.0 

93.0 

Caproate 

91.0 

90.0 

Caprylatc 

90.0 

91.4 

Caprate. 

86.0 

88.0 

Laurate 

87.0 

87.0 

Myristate 

85.0 

83.0 

Palmitate 

83.0 

30.0 

Margarate 

85.4 

16.4 

Stearate 

79.0 

16.0 


^ See page 205, 



190 


SOAPS AM) PHo'IhINS 


WIk^ii half molar “ solutions ’‘of sodium and |)oi:i»iuiii olrulo 
iuv studi(Hl uador similar cinmiastaiaa's tlir lalm*' diflVr as 
follows; 

\a K 

()h‘atc‘ 

11. The Conversion of One Soup into Another 

T1h‘ find previiuisly stat(*d that ono mrial will m \«*r rom- 
pkdcly displace* Ifu* m(‘lal from another soap but that lli«' sysirm 
will m(*n‘ly lc‘n<l to the* proeluclion fit' a siao* of Mpiilil »i iinii 
})(‘l\V(H*a the* two has lontr iM‘cn taloui ad\a!ilap* «4 in \nrioiis 
ways in pra<dica! sf)ap maiiufactun*, htiih in tla* dirrciion »»f the 
I)rodii<dion <}f a h‘ss sffluhle *’ soap Inan a nifirit sohif»!i‘ «»nf* 
and vice* vc*rsa. 

Under tlu^ first heading may he eilf^d /Ar prfftiuriitfN t$J 
tHOdp.H Jvotti .sv/np.^a \\ Idle I hi* pren'e^*^ ha>5 hi'rii largely 

(ILseardcal, if rc‘mains an interest inir ilhist ration *4 how. fUiipiri- 
(tally, good nadlaHis are followi'd (wauj wlaai fiie reaNfUis hu’ flit* 
pra.(die(*H a.re iiiiperha’tly nnd('rslfsit!. Uspiadaliy in thf^ maun- 
facd.unt of seMliiim tallow s<»a|i was it long e<»nsidfaeci hesf 
f,o start, its profluetion titrongh the a*ifiiti<fn f»f (‘juraie poUmh 
to the “ tallow.” After tla^ fa! was eonviaii^d inie* |iofassiniii 
Hoap, this wa.s ehunged into Hodiiiin soap and i^iileef|tirii!ly sjilled 
out through addilieui of soditun ehlori«l, It is '‘^elf-rvidiMit that 
th(‘. pro(^(*dure in reality reju’eseiits tla* prodniiion of a, polassiiiin 
soap followed hy its fpartiall d('f'oin|Hmition !«•» sftdiiiiii soap 
througli addition of th(! Sfaiimn sail, ami fh** siilisef|ii<*iit Kdling- 
out of this mix(*d pinassiuiieHoditiiu soap hy flit* e\eex;- of sodium 
ehlorid mixeal witli the |K)tussiinn ehlorifi formed fliroiigh doiih!** 
d(*c’onipoHiti(HL d'lic* pnieess lias been largely fltseanled in this 
country hiHauise of the* high cost of poiassiiiiii hvfiroxid ami 
tla^ lower <‘OHt of soflium hydroxid, hut if is a qni'stiofi wiieffier 
in so doing something of advantage in the qniilily of I fie soup 
produec^d has not filso hi*en saerifieed. Hit* ” fiillmr ” soaps 
(and still more tliost^ now' prmitieed from Iiydrogefiated riiffoii« 
B<‘.e{| and other oils) im^ soaps riefi in the higliiT fatly itridn fes|«''- 
cially ])alrnitie and stenrie) itiicl lo prtaltiee in the soaf) ki-ftle 
the potaHsimn soaps of thesf» eoriipoiinds is to pro*liiee as 
arc decidedly more soluble {aiid Irnre iimm i|iiii*kiy oiitfiined'l 
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than the corresponding sodium soaps. But even after their 
conversion into the sodium soaps, those made by the indirect 
process have advantages not possessed by the sodium soaps 
produced directly, the sodium soaps produced by the indirect 
process being not only softer and smoother but being generally 
more satisfactory in the matter of lathering and for washing 
purposes than the straight sodium soaps. These advantages 
are dependent upon the fact that through indirect manufacture 
the potassium soap is not completely converted to sodium soap; 
it continues to carry admixed a certain remnant of potassium 
soap, the technologic advantage of which over the sodium soap 
is particularly marked when the higher fatty acids are concerned. 

Advantage of these general truths continues to be taken in the 
present day manufacture of the shaving soaps, which are 
essentially only carefully neutralized soaps, which in addition to 
sodium carry a certain amount of potassium as the base combined 
with the fatty acids. Because of their content of potassium 
soaps, especially of the higher fatty acids, the shaving soaps 
lather more easily than the pure sodium soaps and are subse- 
quently less likely to diy on the face.’’ 

Various patents and processes are known to the soap manu- 
facturer in which fats and oils arc first saponified with ammo- 
nium hydroxid and the ammonium soap is then converted into 
sodium soap through addition of sodium chlorid or sodium car- 
bonate. The underlying principles are again the same; the advan- 
tages of the resulting soap are again those of having admixed in 
the sodium soap a certain amount of “ more soluble ammo- 
nium soap. 

The reverse situation, namely, that of making a more sol- 
uble soap from a less soluble one is illustrated in the P. Krebitz 
process of glycerin and soap manufacture. In this the fat or oil 
is first converted into calcium soap by boiling it with caustic lime. 
The granular calcium soap thus produced is then changed to 
sodium soap through the addition of sodium carbonate. As in 
the previously described process, in which a certain amount of 
potassium is carried over, the resultant soap in this instance 
carries over certain of the attributes of the original calcium soap. 
Soaps made by this process are therefore diyer, more brittle, 
and incline to be whiter than the corresponding pure sodium 
soaps made directly from the same fatty acids. 
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If 

FILLERS FOR SOAPS 

Th(‘ ext(*risiv(‘ us(* of various fill(*rs iu tin* niaiiufarfun* of HoafiH 
rioc(^s.situ((‘H (oiH^hinfC upon tliis prohloni. It has hovii disciisMMi 
from many [)oint.s of vinw. Various invfuitors ami iiiniiufar- 
turers liavt^ t)(*(‘n honc*st in slatiiiK that thi* primary purpoM* i>f 
such filhu'S is to nua^t tl)i(‘ (Icniand for “ clicap ” soap. Others, t{> 
justify th(^ pro(‘(‘elur(% (anphasizc* tla* improved washing charac- 
teristic's of such soaps, 'Phus, a c(*rtain (‘xccss <»f alkali is atdtially 
nec(\ssar'y in 1h(^ soaps used for cleansing wcm)I; an excess (d 
sodium carl>ona((* acts as a sc^ftener, when, as is (*ommonly the 
case, unt nulled watcu- containing eah’itun or magn<*.Hium is used; 
watcu'-glass, so commonly uscul to fill s()aps, luis colloid-chemical 
prop(U’ti(\s similar to tlios(‘ of soup itsc*lf. t hi the oiIut hand^ 
sugar temds to k(^(»p soaps transpanuit, while various sands and 
pumice^ giv(^ theun abrasive* prop<*.rta*.s which may O* of Hcrivce in 
various tc’chnologic proc{*dun*s. The fact nunains, how«*vei% that 
“ fillcra ” ant commonly mat(*rials decidedly chea|«’r Ilian sculp 
itscilf, that they temd, in gcn(*nily to add weight or wafer to the 
finisheul product and that in most m tnw of our soap 

(jheunist friends f(h F. Lono) puts it, they hasten die millennium 
whem the'soaj) mnkcu' will 1 h» ahle^ to “ ged a hiirof water to stand 
aloneu’' 

Our prohle‘m is fortunately not cormerned with the* iiee^essitieH 
or ihe^ moralities of tlie* situation, hut witli the f[UeHtie»i! of wlial the 
mixture*, of soap with theH<* inat<‘riulH meiiiis in the* Imins of colloid 
cheniistry. 

Most of the', matc'rials use-'d t,o fill Hoa}iH fexcliisive of iiiconse- 
quemtial amounts of jKtrfurne^ various emioring subsianeeH coin- 
monly employeul, and (certain dirt.- ” solvent s like niiplithiii may 
be listed with some onc^ of the* folienving t lm*f» gniiips. 

Group /. B-odium chlorid, HCKliiiiii carlsaiati'*, siMliuiii borate 
and sodium silieuite. 

Group 11. Sugar solutions. 
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Group III, 

(A) Potato flour, tapioca meal, starches and seed husks. 

{B) Clay, barytes, asbestos, chalk and solutions of magnesium 
salts (?) 

From a colloid-chemical point of view, it is easiest to dispose 
of the third group first. With the exception of magnesium sul- 
phate (which might more correctly be placed in the first group) 
all the substances used are earths or carbohydrates which^ as 
employed, are largely colloid and possessed of a considerable 
capacity for hydration. As such they are therefore only materials 
which, when mixed with the soap, increase the volume of what is 
sold to the public as soap. This does not mean, of course, that, 
under cei^tain circumstances, the sandlike properties of some of 
these fillers may not be of service or actually necessary in various 
washing processes. Since the washing properties of soaps are in 
large measure associated with their properties as hydrated col- 
loids and as such properties ‘are more or less common to all hy- 
drated colloids whether inorganic (hydrated clays) or organic 
(swollen starch grains), this fact may, of course, also be empha- 
sized. But unless the composition and such merits or demerits 
of the material which is sold to the public as soap are clearly 
stated, the motives behind their use cannot be held to be higher 
than those always incident to mere substitution. 

With the market price of sugar what it is, the use of this 
material as a filler cannot be charged to any desire to increase 
yield while decreasing cost of production. The soaps may be 
loaded with the sugars (which carry with them not only high 
specific gravity but also a certain amount of water), yet the 
real reason for their use seems now to be that they give increased 
transparency to the pmduct. How the sugars accomplish this 
is not yet settled. The sugars do not at any concentration 
salt-out the soaps so that any combination of the sugar with 
the solvent (as so frequently discussed in the case of the salts) 
must either be decidedly less or of a different type. The sugars 
clarify soap J water systems as do alcohols or aldehyds, which 
prompts us to the conclusion that they have an action like the 
last-named materials and so really owe their effects to the fur- 
nishing of such a substitute solvent ” for the pure water more 
commonly present in soap. 

In the substances of the first group, we deal throughout with 
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S(».\I’S AM) IMiOTKiSS 


th(‘. production of syst(‘ins similar ttr those piwiously discussed 
in tli(‘. saltiiig-out. of soapsd Thr mlt/ifioN of c/z/ore/, 

mdium, carhoNdlr, sodiiifn honilr (itid siuiiniH siUcttU' pri^-imtn 
nolhiiKj but a process in irliirh (olrantiujc is ftikta uj th Jurl ihtif all 
these NKifcridls herouir Injdrolnl and etnalsij'nd in the hijdrnted eonp^ 
thus ipeldifu} a suffer and lunjer nmounf of wixture than wunUl the 
soap alone,' In this fashion soaps ran he H»ld vvith a i a r^or abso- 
lutes vvatesr contend and still appeatr “dry." licyond fins, the 
inesrits or deancrits of lh<‘sc lilleu'.s d(‘pciai upon llaar sporifif^ 
j)rop(srt i(‘S. Sodium {'iiloritl is ohvieiusly tmiircly wortldess, 
it has no “ softeaiin^ " or oiluu- aeUion upon wafer and its presem-c 
interf(‘n‘S with the <l(*vclopnient of the washing elfeels of all .‘^oaps. 
Soelium carhonalf* and s<Klium horatc fio aid in the firsl-iKuncel 
dinavtion and any exc’css thus uiiusimI yichls an ovcrphis of alkali 
(after hydrolysis in waltuM which in its turn is possessed of fliose 
a,dvan1ag:<‘S wdiich any alkali may show in s|iecifH’ wa-Iiiifg pror- 
The* same* may he* said of .sodium .^i!i(*atf* fcspceial!y nf ila* 
commc.r(aa.lly <*mpIoycd water-glass i winch in addition lo 
ih<^ propeui ic!S aln^ady mentioned yields ccelloid silicic acid wliei* 
dilutiHl in the* pro(a‘SS of washing. The eedloid silicic arid has 
HOUH*. of th(*- prop(*rtif*H which give ff» soa|» itself its washing rhar- 
uctcu-isticH. From tlasHc* advantage’s must, htoviwir. he suh- 
traxded cendain disaei van! ages, as llie fixation id the silicir* aeid 
upon tlie \vashe;*el mateu’ials ami their felling fla* smaiting t*f 
the skin if the Hoaf> is usesl for letiled purpees’s. i*f «*. 

How sodium (diloriei [ereHliie'es the “ lil! wliiai aeldesl fei any 
soap has alre*ady henat diseussesir Htnv soditim earh«»nafe% 
sodium silie’ate*, sodium heerate* ami magnesiiini sniphate* act in 
ent-iredy analogons fa.shiem is illustrated for twee fiure* soapn f sodium 
and potassium oleate*) in Figs. Oh am! *J7 and TahkcH L\ H, L\ III, 
LIX, I.X, LXI, I.XII, LXIII am! LXIV. whieh *ieiaii ila^ e.x|s*rF 
tnenlal preecedures folkwveal. dla* ptirpose of I lie nmp iitak<*r 
is to old-ain, from such oihvrwye Htpnel mixtmes as mv coiifaineil 
in th(i control iulK’s shown at the exireane riglit laf all tlif*s4» siuies, 
the solid soaps found in ttila^s m*ar«‘r the* mid* lie* tef eacli of I In* 
sericH. The exa(*t point at- which such maximal sfifTeniiig of the 
soaps is olitaiiKsi vark’S, howe*ver, IhuIi willi tin* ly|s» of soap 
initially em|)loyeal fwliedlier a stHliuni e»r a |Hitassitiiii soup, for 
example) and tlie iialtire of the salt umal as fitlerd’ Al the siiiiie 
* He?<* imgc 03. ’ I hi 
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molar concentration sodium carbonate is least effective, sodium 
silicate takes a middle position and sodium borate is strongest. 
The photographs (and the experimental protocols) show how, as 
these different salts are used, the gelation point is shifted further 
toward the left. It will be noted that sodium borate at half the 
concentration of sodium silicate produces an equal degree of soap 
filling, and, also, that the sodium borate is as powerful in ultimate 
effects as double the concentration of magnesium sulphate.^ 
It is questionable, of course, whether the addition of magnesium 
sulphate to soap has any justification whatsoever save that of 
giving “ load.^^ Magnesium sulphate adds nothing to water which 
improves its washing characteristics and, as the lowermost series 
of tubes in Figs. 96 and 97 show, it also partially decomposes 
the sodium or potassium soap into the poorer magnesium soap. 

It will be observed in comparing the two figures that there is 
a shifting of the gelation point toward the left as a sodium soap 
takes the place of an equally concentrated potassium soap. This 
is again identical with the similar shift observed in all the salting- 
out experiments previously described. 

Ordinarily, in the manufacture of the filled soaps, the addition 
of water-glass, borax or other material is carried to the highest 
point possible shoid of the cracking or liquefying of the 
mixture, or the salting-out of the soap. This point is always, 
obviously, somewhere on this side of the optimum gelation point. 
When through careless mixing or error in judgment the filling of 
a soap is carried beyond this critical point (represented by tran- 
sition from the system salt-water-in-hydrated soap to that of 
hydrated-soa})-in-salt-water) what is to l)e done? What must 
be accomplished is the reversal in type of system through dilution of 
the salt and increase in the absolute amount of soap in the system. 
The proper result is not ol)tainable, however, through mere 
addition of more soap and water. One might think that it could 
be obtained by heating and subsequently cooling the mixture, but 
the soap in these mixtures is near the stringing ” point and 
therefore dangerous to heat; or the added compounds are of a 
type which will not stand boiling without suffering hydrolysis 
and permanent decomposition. The best way to proceed is to 

^In such observations, obviously, lie interesting material facts covering 
the matter of the quantity of ^‘hydration'’ suffered by different salts in 
solution. 
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Figure 96 . 
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Figure 97. 
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dilute the spoiled mixture and let it stand ^ (thereby diluting the 
salt and allowing the soap to increase its hydration); more soap 
may then be added and more time given. This may by itself 
accomplish the desired end, but, if it does not, the whole batch 
should be mixed, with proper stirring and sufficient time, into 
the much smaller batch of soap /water stock thought necessary 
for the production of the correct ultimate system. 


TABLE LVII 

Sodium Olbate — Sodium Carbonate 


Concentration of mixture. 

Remarks. 

(1) 5 cc. m sodium oleate4-9 cc. H 2 O+I cc. m/2 NaiCOj I 

Mobile liquid 

(2) 5 cc. “ 

“ “ 4-8 cc. “ 

4-2 cc. “ 

Mobile liquid 

(3) 5cc. “ 

“ “ 4-7cc. “ 

4-3 cc. “ 

Mobile liquid 

(4) 5 cc. “ 

“ “ +6cc. “ 

4-4 cc. “ 

Viscid liquid 

(5) 5 cc. “ 

“ “ +5cc. “ 

4-5 cc. “ 

Viscid liquid 

(6) 5 cc. ‘ * 

“ “ 4-4 cc. “ 

4-6 cc. “ 

Very viscid 

(7) 5 cc. “ 

“ “ 4-3cc. “ 

4-7 cc. “ 

Solid gel 

(8) 5cc. “ 

“ “ 4-2 cc. “ 

4-8 cc. “ 

Solid gel 

(9) 5cc. “ 

“ “ +1 cc. “ 

4-9 cc. “ 

Solid gel 

(10) 5 cc. “ 

“ “ 4- 10 cc. m/2 NaaCOs 

Solid gel 

(11) 5 cc. “ 

“ “ -}- 10 cc. H 2 O (control) 

Mobile liquid 


1 There is no element in technologic practice involving lyophilic colloids 
which is less considered and less properly employed than this of time. The 
chemist is so obsessed by the theories and so ruled by his experience with the 
dilute solutions that he believes that his colloid mixtures ought to act similarly. 
Whenever a lyophilic colloid is concerned it should be remembered that its 
solvation or its desolvation takes all the time which may be included in a proc- 
ess of diffusion, of solution and of chemical union — and these things are rarely 
instantaneous. Even when mixtures are correctly made from a quantitative 
standpoint, the result may be worthless if proper time is not given for the 
physico-chemical changes necessary to yield the proper ultimate system. 
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TABLE LVIII 


Sodium Ole ate — Sodium Silicate 


Concentration of mixture. 

Remarks. 

(1) 

5 cc. 

m sodium olcatc+ 9 cc. HaO + l cc. m/2 Na2Si03 I 

Mobile liquid 

(2) 

5 cc. 

“ “ “ 4-8CC. “ +2cc. “ 


Less mobile liquid 

(3) 

5 cc. 

4-7cc. “ +acc. “ 


Viscid 

(4) 

5 cc. 

“ “ “ +0 cc. “ +4 cc. *' 


Very viscid 

(5) 

5 cc. 

“ “ “ +5cc. “ +f>cc. “ 


Solid gel 

(6) 

5 cc. 

“ “ “ +4 cc. “ -KJcc. “ 


Solid gel 

(7) 

5 cc. 

“ “ +3 cc. “ +7cc. “ 


Beginning separation 

(8) 

5 cc. 

“ “ “ +2 cc. “ 4-8CC. “ 


Great dehydration and separa- 





tion 

(9) 

5 cc. 

“ “ “ +1 cc. “ ~f9 cc. ‘ ‘ 

* ‘ 

Great dehydration and separa- 





tion 

(10) 

fj cc. 

“ “ “ -4- 10 cc. ru/2 Na2Si0.3 


Great dehydration and separa- 





tion 

(11) 

5 cc. 

“ “ “ 4*10 cc. H 2 O (control) 


Mobile liquid 


TABLE LIX 


Sodium Ole ate — Sodium Borate 




Goiicentration of mixture. 

Remarks. 

(1) 

5 cc, m 

sodium olcate-f- 9 cc. ILG + l cc. in/4 Na2B407 

Mobile liquid 

(2) 

5 cc, ' ‘ 

“ “ 4-8 cc. 

“ 4-2 cc, “ 

White, milky, mobile liquid 

(3) 

f) cc, * ‘ 

“ “ 4"7 cc. 

“ 4-3 cc, “ ** 

While, milky, mobile liquid 

(4) 

5 cc. ‘ ‘ 

“ “ ~f"Gcc, 

“ 4-4 cc. " “ 

Milky soap on top, water on 
bottom 

(f>) 

5 cc. ‘ ‘ 

“ ‘ ' 4-5 cc. 

“ +5 cc. ** 

Milky soap on top, water on 
bottom 

(G) 

G cc. “ 

' ‘ “ 4" 4 cc. 

“ 4- G cc, “ * * 

Milky soap on top, water on 
botto rn 

(7) 

5 cc, “ 

“ ** 4"3 cc. 

" 4-7 cc. 

Milky soap on top, water on 
bottom 

(8) 

5 cc. * ‘ 

“ “ 4“2 cc. 

“ +Hc.c.. “ 

Milky soap on top, water on 
bottom 

<9) 

15 cc. ‘ ‘ 

“ “ 4“ 1 

“ +9 cc. “ 

Yell >w soap on top, much 
water on bottom 

(10) 

5 cc, ' ‘ 

“ “ 4“10cc. 

m/4 NaaBiO? 

Yellow soap on top, much 
water on bottom 

(11) 

5 cc. “ 

“ “ 4” 10 H 2 O (control) 

Mobile liquid 
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TABLE LX 

Sodium Ole ate — Magnesium Sulphate 




Concentration of mixture. 

Remarks. 

(1) 

5cc. 

m sodium oleate +9. 5 cc. H 2 O+ 0 . 5cc. m/2 MgS04| 

Fairly mobile milky liquid 

(2) 

5 cc. 

“ ‘ “ +9. Occ. 

“ +1.0CC. “ 

Solid while gel mixture 

(3) 

5 cc. 

+8.5CC. 

“ + 1 . 5 CC. “ 

Solid white granular gel 

(4) 

5 cc. 

“ ‘ ‘ -f-S . 0 cc. 

“ +2. Occ. “ 

Solid white granular gel 

(5) 

5 cc. 

“ “ +7.5CC. 

“ +2.5CC. “ 

Granular white soap, beginning 
separation 

(6) 

5 cc. 

+7-0CC. 

“ +3.0cc. 

Granular white soap, more sep- 
aration 

(7) 

5 cc. 

“ “ “ +6.5CC. 

‘ ‘ +3 . 5 cc. * ‘ ‘ 

Granular white soap, more sep- 
aration 

(8) 

occ. 

“ “ " +6.0CC. 

“ +4. Occ. “ “ 

Granular white soap, more sep- 
aration 

(9) 

5cc. 

“ “ “ +5.5CC. 

“ +4.5cc. “ “ 

Granular white soap, more sep- 
aration 

(10) 

5cc. 

* ' * * ‘ ‘ 0 . 0 CC. 

“ +5. Occ. “ “ 

Granular white soap, more sep- 
aration 

(11) 

5cc. 

“ “ “ +10. Occ. 

H 2 O (control) 

Mobile liquid 


TABLE LXI 

Potassium Oleate — Sodium Carbonate 


Concentration of mixture. 


RernarkH. 


(1) 5 cc. m potassium oleate +9 cc. H 2 O + I cc.m/2Na2C08 

Mobile liquid 

(2) 5 cc. “ 


‘ ‘ +8 cc. 

“ +2cc. “ 

Mobile liquid 

(3) 5cc. “ 


‘ ‘ +7 cc. 

“ +3cc. “ 

Mobile liquid 

(4) See. “ 


“ +6cc. 

“ +4cc. “ 

Mobile liquid 

(5) 5 cc. ' ‘ 


“ +5cc. 

“ +5cc. “ 

Mobile liquid 

(6) 5cc. “ 


“ +4cc. 

“ +6cc. “ 

Less mobile liquid 

(7) See. “ 


‘ ‘ +3 cc. 

“ +7cc. “ 

Viscid liquid 

(8) 5cc. “ 


‘ ‘ +2 cc. 

“ +8 cc. “ 

Very viscid liquid 

(9) 5cc. “ 


“ +lcc. 

“ +9cc. “ 

Almost stiff 

(10) See. 


‘ * +10 cc. 

m/2 Na 2 COa 

Almost stiff 

(11) 5cc.*‘ 


“ +10 cc. H 2 O (control) 

Mobile liquid 
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TABLE LXII 

Potassium Ole ate — Sodium Silicate 


C'onccnt ration of mixture. 

Remarks. 

(1) 

r> III iiotaHHUiiii oleatt* "hO cc. II 2 O 4 -I cc. m/2 NaaSiOa 

Mobile liquid 

(2) 

.5 cc. 

“ “ 4-8 cc. 

“ 4-2 cc. “ 

Mobile liquid 

(3) 

r> cc. 

“ 'h7 cc. 

“ 4-3 cc. “ 

Mobile liquid 

fl) 

r> cc. • ' 

“ -fOcc. 

“ +4 cc. “ 

Mobile liquid 

(o) 

.0 <•<>. ‘ ‘ 

“ “ -h5 cc. 

“ 4-r) cc. “ 

Viscid liquid 

t(i) 

r> rr. ‘ ■ 

" “ +4 cc. 

“ 4-0 cc. " 

Viscid liquid 

(7) 

r> cc, ‘ ‘ 

“ “ 4-3 cc. 

“ 4-7 cc. “ 

Viscid liquid 

(8) 

.'■> cc. ‘ ‘ 

“ " 4-2 cc. 

“ 4-8 cc. “ 

Solid gel 

f9) 

r> cc. “ 

“ “ 4-1 cc. 

“ 4-9 cc. “ 

Solid gel 

(10) 


“ ' ‘ 4" 10 cc. 

m/2 NaaSiOs 

Viscid liquid 

(in 


“ “ 4-10 cc. 

HaO (control) 

Mobile liquid 


TABLE LXIII 

Potassium Oleatr — Sodium Borate 


UorKM'iitrut i<jn of mixtvin*. 


Remarks. 


(U 

fii) 

(.'U 

(4) 

(ft} 

(♦5) 

(7) 

(H) 

( 10 ) 

ill) 


m iK>tUH8iunu)l(*ut<*4*0 ('('■. llaOH-l re. rn/4 NaaB^O? 


4*8 cc. 
4-7 w. 
-f-O 

4-r> fft. 
4~4 iH\ 
'f-3 ec. 
4“ 2 <-c. 
hi <•(;. 


4-2 cc, 
4-3 oc. 
4-4 cc. 
4-r> cc. 
4*0 cc. 
4*7 cc. 
4-8 cc. 
4-9 cc. 


4" 10 cc. m/4 Na2B407 
4-10 cc. HaO (control) 


Clear mobile liquid 
Cloudy mobile liquid 
Milky mobile liquid 
Milky mobile liquid 
Milky mobile liquid 
Milky, less mobile liquid 
Milky viscid liquid 
Milky, almost stiff 
Milky, almost stiff 
Milky, almost stiff 
Mobile liquid 


TABLE LXIV 

Potassium Oleate^ — Magnemim Sulphate 


(Concentration of mixture. 


cn tmt. 

in |M>t{WHium 

ilcatc 4 9 Ji cc. 

ElaO 4-0.5 cc. m/2 MgS 04 

Fairly mobile milky liquid 

(21 5 cc, 


“ 49 .OCC. 

" 4T.0CC. “ 

Viscid milky liquid 

(3) 5 cc. 


“ 48.5 cc. 

“ 4-1.5 00. “ 

Solid milky gel 

(4) r» cc. 


4*8.0 cc. 

“ 4-2.0 cc. “ 

Solid milky gel 



4 7. Sec. 

4-2.5 cc. “ 

Solid -white soap at top 

(«) S cc. 


“ 47.0 cc. 

4*3. Occ. “ 

Solid white soap at top 

(7) 5 cc. 

1 * » * 

“ 4'0.r>.cc. 

“ 4-3.5 cc. “ 

Solid white soap at top 

(H> fi cc. 

*4 * * 

** 4-6.0 cc. 

“ 4-4, Occ. “ 

Solid white soap at top 

(9) 5 cc. 

« 4 « 4 

•' 4-r>.r>cc. 

“ 4-4.6 cc. “ 

Solid white soap at top 

(10) (Hi. 


** 4-5,0 cc. 

“ 4-5.0 cc. “ 

Solid white soap at ton 

(11) 5cc. 


“ 4-lO.Occ 

. HsO (control) 

Mobile liquid 


Remarks. 
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PART THREE 


THE ANALOGIES IN THE COLLOID-CHEMISTRY OF 
SOAPS, PROTEIN DERIVATIVES AND TISSUES 


I 

THE CHEMICAL AND COLLOID-CHEMICAL BEHAVIOR OF 
FATTY ACIDS AND THEIR DERIVATIVES AND THE 
ANALOGOUS BEHAVIOR OF “NEUTRAL” PROTEINS 
AND THEIR DERIVATIVES 

1. Introduction 

The experiments on the colloid-chemistry of the various pure 
soaps detailed in the preceding pages were undertaken originally 
in order to obtain a clearer conception of the nature of water 
absorption by proteins when various alkalies, acids or salts, alone 
or in combination, are added to them; this conception being 
wanted, in its turn, in order to understand the laws of water 
absorption as observed in living matter. It will be the purpose 
of the next paragraphs to show that the laws emphasized as govern- 
ing the “ solution ” and “ hydration ” of soaps are ide^itical with 
those which govern the solution ’’ and “ hydration of various 
protein derivatives and that these, in turn, are the analogs of the laws 
which govern the absorption of water by cells, tissues and the whole 
living organism under physiological and pathological circumstances. 

2. The Chemical Behavior of the Fatty Acids and the Analogous 
Behavior of the Amino- Acids (Neutral Proteins) 

It is well to emphasize, first, some obvious chemical analogies 
existent between the fatty acids and the materials which may be 
derived from them (the soaps) and the so-called neutral 
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proteins and the materials which may be produced from them. 
It is of interest to bear in mind that the proteins are not only 
polymerized amino-acids, but that frequently their constituent 
amino-acids are amino-fatty-acids, as witness, amino-acetic, 
amino-valeric, amino-caproic and amino-succinic acids. The 
alleged neutral” “ native ” or genuine ” proteins are no more 
neutral than are any of the higher fatty adds. As the fatty acids may 
combine with base to form soaps” even so may the polymerized 
amino-fatty-acids combine with base to form analogous soap- 
like ” compounds. It is important for our future discussion that 
this comparison of the neutral proteins with the free fatty acids 
be clearly kept in mind.^ 

What, now, are the solubility characteristics of the pure fatty 
acids and the pure neutral proteins in water and for water? 
Just as certain fatty acids (like the lowermost members of the 
acetic series) are readily soluble in water, so also do certain native 
proteins prove soluble ” in water (as witness the various salt-, 
acid- and alkali-free, pure albumins). On the other hand, 
as other fatty acids (like the higher members of the acetic series) 
prove insoluble in water, so also do various native proteins (as 
witness casein, fibrin, alkali-, acid- and salt-free globulins, etc.). 

The solubility of water in the fatty acids or in the pure pro- 
teins is hardly to be found discussed as such. The simpler fatty 
acids dissolve ” so readily in water and are so universally 
thought of as “ aqueous solutions that the mere raising of the 
obverse question in their case will seem, to many, absurd. Water 
is, however, sufficiently souble in the higher fatty acids to make 
necessary its consideration, when, commercially, a given weight 
or volume of material is to be bought and paid for as fatty acid. 
In the case of the pure proteins these things are variable. In 
those commonly designated as insoluble ” (casein, for example) 
the solubility for water is so low as to be generally neglected. 

^ Of great interest in connection with this similarity between the colloid- 
chemistry of the fatty acids and that of the amino-fatty-acids (the proteins) 
are some observations of Kbafft and Wiglow [quoted by Lewkowitsch: 
Oils, Fats and Waxes, 1, 133 (1913)] whose work unfortxmately we have not 
been able to find in the original. These authors note that the amins of the 
fatty adds behave like the corresponding fatty adds. While the alkali salts of 
the lower amino-fatty-acids on solution in water behave like crystalloids, 
those of the higher amino-fatty-acids fail to raise the boiling point of water 
the calculated amount and in other physico-chemical respects betray them- 
selves as colloids. 


Final concentration of the alkali in the system. 
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From thi^ it may rise to great values, as witness the amount, 
of fluid “ absorbed ” by neutral gelatin, by cliy senim-albuniin. 
etc., when these are thrown into water. 

These characteristics of solubility in water and for water of the 
different fatty acids and the different pure, neutral proteins 
must he kept in mind if their colloid-chemistry or that of their deriva- 
tives is to be properly understood. 

If we now write the formula of any fatty acid as: 

a:-COOPI 

then that of any arnino-fatty-acid (or its polymer, protein) may 
be written : 

a:-COOH 

I 

NH2 

To produce a '‘^soap/’ some base is substituted for the H in t h(^ 
first formula written above; to producer tlui analogous soap- 
like ” compound from the latter, the same base is substiJ.ut.cai for 
the similarly placed H of the second fonnula. As we |)i*o(lu(!(i 
potassium, sodium, calcium and iron soaps we can also producre 
potassium, sodium, calcium and iron proteinates. 

Every new soap and every new soap-like compound thus pro- 
duced has solubility characteristics in water and for water different 
from those of the original fatty acid or the original ami no-f ally-acid 
{protein) from which it was produced. 

The amino-acids have, however, wider possibilities for emy 
union with other materials than have the fatty acids. Wliihi 
the latter, for example, do not unite readily with acids, t he^. former, 
through their ISrH2 groups, do. In this way there may tlujnTore 
be produced a second series of derivatives which may (l(*sig- 
nated as the chlorids, bromids, acetates, sulphates, phosphates, 
etc., of the proteins, each again possessed of its own solubility 
in water and solvent power for water. 

We are now in a position to consider the colloid-(;h(uriistry 
of the pure proteins and that of their basic and acidic denvativc^s, 
not only to see how these mimic the colloid-chemical Ixdiavior 
of the pure fatty acids and their basic derivatives (th(^ soaps) 
but in order to obtain what seems to us a simpler general con- 
ception of what happens when protein/water mixtures show tlie 
evidences, under different circumstances, of swelling, gelation, 


SOAPS, PROTEIN DERIVATIVES AND TISSUES 


209 


precipitation, irreversible “ coagulation/’ etc. A detailed con- 
sideration of many proteins is impossible within the pages of this 
volume, but the two to be discussed may serve to illustrate the 
main types. For purposes of illustration we shall take up, in 
analogy to the similar types of pure fatty acids, (a) a protein 
which is insoluble ” in water, namely, egg-globulin and (h) 
another which is soluble,” namely, gelatin. What is said of 
egg-globulin may be taken to apply to all the globulins, casein, 
myosin and nucleic acid. What is said of gelatin may be applied 
to the various albumins.^ 

3. The System Egg-Globulin/ Water 

The “ neutral ” globulin used in the experiments about to 
be described was obtained by diluting strongly with distilled water 
(8 volumes) the whites of absolutely fresh eggs. The globulin 
which fell out at the end of twenty-four hours in an ice box was 
simply filtered off, washed several times with distilled water and 
used at once in its moist condition. While by more elaborate 
methods a chemically ” purer product might have been obtained, 
we feared the consequences of the more drastic chemical methods 
necessary to produce such upon the colloid propei-ties of the 
final 'product. The globulin employed in the following experi- 
ments was all from the same lot, contained 92 percent water 
as used and 0.045 percent ash calculated upon the wet weight 
of the globulin. 

Moist globulin (in analogy to the higher fatty acids) is obvi- 
ously insoluble ” in water and as compared with gelatin, albumin, 
etc., a relatively poor solvent for water (92 percent). We wished, 
first, to show that a soap-like compound (a basic globulinate) 
could be obtained from such globulin through treatment with 
a proper alkali, which, in the presence of the right amount of water 
would (like the corresponding soap) yield a solid jelly, in other 

1 The purest gelatins on which the ordinary colloid-chemical studies have 
been made, to which we refer here and upon which some succeeding experi- 
ments are based (see page 218) still contain traces of salts. Wolfgang 
O sTWALD has directed my attention to the fact that when such gelatins are 
subjected to dialysis while an electric current is passed through them a gelatin 
free from all base and acid may be obtained. Such gelatin is, however, as 
“insoluble” in water and as little hydratable as the ordinary globulins. 
Obviously, under such circumstances, the behavior of all the proteins (includ- 
ing in other words gelatin and the “albumins”) becomes that of the type 
described imder the globulins. 
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words, a system representing a solution of water in the basic 
globulinate. For this purpose 2 grams of the moist globulin 
were carefully weighed into each of a number of test tubes and to 
each was then added 0.5 cc. of an alkali of proper strength to 
yield the final concentration in the whole of each of the systems 
indicated in Table LXV. The descriptions refer to the appear- 
ances of the mixtures at the end of twenty-four hours, twenty 
of which were spent in an ice box and four at room temperature. 
The photographic appearance of the three sets of tubes (all 
made at the same time, from the same globulin and under iden- 
tical circumstances) is shown in the Figs. 98, 99 and 100. It is 
apparent that these potassium, sodium and barium globulinates 
(like the corresponding soaps) have greater solvent powers for 
water (and hence gel in the presence of a larger volume of the same) 
than has the original neutral ” globulin (or the original fatty 
acid). But of the three soap-like compounds the potassium 
globulinate is most soluble in water, wherefore it is the first to 
go through a jellying stage “ into solution.^^ Sodium globulin- 
ate occupies a middle position in this regard. Barium globulinate, 
while possessed of relatively low powers of hydration is so insolu- 
ble in water that it maintains its gel state throughout the series 
of experiments. 

Having seen that with progressive additions of alkali, neutral 
globulin in the presence of a fixed volume of water passes suc- 
cessively from (1) a (relatively) non-hydrated material throtigh 
(2) a state in which water is dissolved in it, into (3) a state in 
which it is dissolved in the water, we wished to see what were the 
effects of mere dilution upon the final system and if the basic 
globulinate thus formed could be precipitated a second time 
(salted-out) by further addition of the alkali (as can a soap). Fig, 
101 and Table LXVI answer these questions. The first five tubes 
merely show again how with progressive increase in amount of 
alkali (sodium hydroxid), solution ” of a globulin (really 
solution of sodium globulinate) may be obtained. To such a tube 
as 4 much water ^ may now be added without change, as evidenced 

^ Not, however, an unlimited amount, for in too much water hydrolysis 
of the sodium globulinate takes place and the free acid (globulin) again begins 
to fall out. This constitutes the principle upon which ^‘globulins’' are 
obtained through dilution with much water. It is not the sodium 'globulinate 
which falls out, or, in the terms of soap chemistry, it is not “the soap” which 
is “insoluble” in water but the “fatty acid” resulting from hydrolysis. 



FrGTJBE 100. 





212 


SOAPS AND PROTEINS 


TABLE LXVI 


Egg-Globulin and Sodium IIydroxid 


Tube 

number. 

Concentration of mixture. 

RfunarkH. 

Control 

2 gms. 

moist globulin +0.5 cc. ILO 

White flocculent i)r<*cii)itat(^ 

1 

2 gms. 


“ +0.5 cc. 1/10 n NaOH 

Solid gel 

2 

2 gms. 


“ +0.5 cc. 2/10 n 

Clear viHci<l li<]uid 

3 

2 gms. 


“ +0.5 cc. 3/10 n 

Clear viscid li(iuid 

4 

2 gms. 


“ +0.5 cc. 12 n 

Clear liciuifl 

5 

2 gms. 


‘ ‘ +5 . 0 cc. 8 n 

Clear litjuid 

G 

2 gms. 


“ +5.0 cc. 9n 

Clear li(|uid 

7 

2 gms. 


“ +5.0 cc. lOn 

Cloudy liquid 

8 

2 gms. 

V 

“ +5.0 cc. 11 n 

Partial Hulting-out 

9 

2 gms. 


“ +5.0 cc. 12 n 

Complete salting-out 


TABLE LXVII 

i' 

Egg-Globulin and Acids 


Control (HjO). 

Acid. 

1 Final concentration of the acid in the H.VMlem. 

1/500 n 

2/100 n 

5/100 n 

10/100 n 15/100 n 

White flocculent pre- 
cipitate 

Hydro- 

chloric 

White 

flocculent 

precipi- 

tate 

White . 

^ fl9cculent 
; I^recipi- 
tate 

’ 1 

White 

flocculent 

pr<aui)i- 

tate 

White 

flocculent 

I)r(*fnpi- 

tatc* 

White 

flocculent 

prcciiu- 

tate 

White flocculent pre-j 
cipitate 

Lactic 

White 

flocculent 

precipi- 

tate 

White 

flocculent 

precipi- 

tate 

White 

flocculent 

precipi- 

tate 

Slightly 

hydrated 

prcci[)i- 

tatfs 

Slightly 

hydrated 

juccipi- 

latc 

Control (H 2 C)). 

Acid. 

1 

Pinal concentration of the acid in the Hysteru. 

20/100 n 

40/100 n 1 

00/100 n 

80/100 n 

1(K)/1(K) n 

White flocculent pre- 
cipitate 

Hydro- 

chloric 

Hydrated 

precipi- 

tate 

Hydrated 

precipi- 

-tate 

Hydrated 

precipi- 

tate 

Hydrab-d 

I^rccipi- 

tate 

Hydrated 

precipi- 

tate 

White flocculent pre- 
cipitate 

Lactic 

Hydrated . 
precipi- 
tate 

Hydrated 

•precipi- 

tate 

Gel 

Gel 

Gc‘I 
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in tube 5 of Fig. 101. But if in. such a volume of water the con- 
centration of alkali is progressively increased the sodium globu- 
linate (commonly and wrongly designated globulin ”) begins to 



Figure 101 . 


fall out until complete separation from the dispersion medium is 
obtained (see the tubes 7, 8 and 9). 

Figs. 102 and 103, with Table LXVII, show that when the 
neutral globulin is converted into a chlorid or lactate (for 
which chemical change there is no analog in the case of the pure 



Figure 102 . 



Figure 103 . 


fatty acids) these compounds are again better solvents for water 
than the original globulin, in consequence of which the tube con- 
tents iigain gel. d’ho successive acid tubes of Figs. 102 and 103 
may lx* (iomparod with the alkali tubes of the same concentrations 
of Figs. 98, 99 and 100. Experimental procedure was the same in 





214 


SOAPS AND PROTEINS 


both. It should only be noted that the concentrations marked 
on the labels of Figs. 102 and 103 are those of the acid as added. 
The final concentrations are given in Table LXVII. 

Such experimental findings as have just been descril)ed ai’o 
more commonly listed, as by the physiological chemists, as cixpciri- 
ments on the solubility of proteins; or by the physical and 
colloid-chemists as studies on the effects of alkalies and acids upon 
such solubility ’’ or some other of the general chemical or (iolloid- 
chemical properties of the systems as a whole (as their viscosity, 
their electrical conductivity, their content of hydrogen and 
hydroxyl “ ions,’^ etc.). To understand these systems properly 
it is obviously necessary to recognize and carry in mind the effects 
of (a) the quantitative relationships of the water content, of thc^ 
systems to the remaining material in them, (6) the chemical con- 
versions of neutral ” compounds into basic or acidic derivatives, 
(c) the alterations in solubility and hydration capacity accompany- 
ing such conversion, (d) the types of systems produced (whc^tiu^r 
all hydrated colloid, all solution in water or subdivisions of the 
one in the other) and finally {e) the changes in viscosity incident, 
to “ emulsification '' or “ suspension '' of any of the original 
unchanged globulin in such hydrated derivatives as may l>c‘ 
produced. How inadequate for the understanding of the colloid- 
chemical behavior of such systems are the overplayed stoichio- 
metricaV '' chemical,” electrical,” '' hydrogen and hydroxyl 
ion ” notions, usually called upon to explain in some exclusivi^ 
fashion all the changes observed, must be self-civident. 

Stoichiometrical views cover only those parts of the wholt! 
problem which have to do with the quantities produced of dif- 
ferently hydratable or soluble compounds; '' chemical ” notions 
are no more adequate for the explanation of the problem than 
they are, at present, for the understanding of the whole problem 
of solution; electrical and ionic notions are hardly of service whcm 
it is remembered that the most stabile of these hydrated colloid 
systems are such as are composed of chemically produced^ really 
neutral compounds of protein with base or acid, provided only that 
not more water is present in the system than can be absorbed by 
the hydration capacities of the protein derivatives. Yet theses 
colloid systems contain no quantities of either hydrogen or hydroxyl 
ions measurable by ordinary laboratory means. The measurable 
hydrogen and hydroxyl ion contents of different protein/ water systems 
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upon which such emphasis has been laid for the explanation of their 
stability are only observable in relatively dilute systems; the ion 
contents are not inherent to, or necessary for, the stabilization; they 
are accidental accompaniments incident to the solution of some of the 
basic and acidic proteins in the excess of water and their hydrolysis 
with the production secondarily of an overplus of hydrogen or hydroxyl 
ions. 

Evidence for the general truth of these contentions may be 
found in the following experiments in which neutral ” globulin 
in the presence of a constant volume of water is exposed to the 
action of various neutral salts. As ordinarily put, such neu- 
tral globulins are said to be soluble in dilute salt solutions. 
To our minds, this is not true. The salts again react with the 
neutral globulin to yield globulin derivatives of the general 
formula base-protein-acid which, like the previously described 
base-protein and protein-acid compounds, also have a higher 
hydration capacity and a greater solubility in water than the 
original globulin. 

Figs. 104, 105, 106, 107 and 108 reproduce photographically the 
findings described in Table LXVIII. Obviously a hydration of 
^'neutraP’ globulin may be induced through the presence of various 
neutral salts as readily as through the presence of alkalies or acids, 
in other words, in the absence of any such hydroxyl or hydrogen 
ion concentrations as are commonly alleged to be responsible for 
such a result. It is not the neutral globulin which is hydrated, 
but its salts. In the experiments just described, these are pro- 
duced because globulin (like the lower fatty acids of the acetic 
series) has sufficient chemical reactivity to unite with the products 
of the hydrolysis of any neutral salt (acid and alkali). 

Table LXVIII and the figures again show (in analogy to the 
similar soaps) that the potassium and sodium derivatives of glob- 
ulin are sooner and more highly hydrated than the corresponding 
magnesium and calcium derivatives (the contents of the tubes 
holding the latter being not only less swollen but whiter). The, 
mercury derivative is so little hydrated that it remains a prac- 
tically anhydrous, leather-like mass in all the tubes. 

In order not to lengthen these pages unduly with protocols, it 
may suffice merely to state that findings entirely similar to those 
just described are obtainable with the neutral salts of the soluble 
sulphates. 
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Feguee 105. 


Figure 107. 


Figubb 106. 


Figure 104. 


Figure 108. 








SOAPS, PROTEIN DERIVATIVES AND TISSUES 


TABLE LXVIII 

Egg-Globulin and Chlorids 


Final concentration of the salt in the system. 


H 2 O. 

Cbait. 

1/45 m 

1/40 m 

1/35 m 

1/30 m 

1/25 m 

White curdy 
precipitate 

White curdy 
precipitate 

KCl 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

NaCl 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
pfrecipitate 

MgCh 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

OaCls 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

HgCh 

Tough white 
curdy pre- 
cipitate 

Tough white 
curdy pre- 
cipitate 

Tough white 
curdy pre- 
cipitate 

Tough white 
curdy pre- 
cipitate 

Tough white 
curdy pre- 
cipitate 

Tube number 

1 

2 

3 

4 

5 

Control 

H 2 O. 

Salt, 

Final concentration of the salt in the system. 

1/20 m 

1/15 m 

1/10 m 

1/5 m 

1/1 m 

White curdy 
precipitate 

KCl 

Partially 

hydrated 

Partially 

hydrated 

Partially 

hydrated 

Transparent 

gel 

Transparent 

gel 

White curdy 
precipitate 

NaCl 

White curdy 
precipitate 

Partially 

hydrated 

Partially 

hydrated 

Partially 

hydrated 

Transparent 

gel 

White curdy 
precipitate 

MgCh 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

Milky gel 

Transparent 

gel 

White curdy 
precipitate 

CaClz 

White curdy 
precipitate 

Partially 
hydrated 
white mass 

Partially 
hydrated 
white mass 

Partially 
hydrated 
white mass 

Partially 
hydrated 
white mass 

White curdy 
precipitate 

HgCb 

Tough white 
curdy pre- 
cipitate 

! Tough 
slightly 
hydrated 
white mass 

Tough 
slightly 
hydrated 
white mass 

Leathery 

white 

mass 

Leathery 

white 

mass 

Tube number 

G 

7 

8 

9 

10 
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4. The System Gelatin/Water 

We shall now consider a neutral protein which, when com- 
pared with the fatty acids, is not '' insolul)l(^> ” in watcn* (as ^lob- 
uMn) but “ soluble/^ namely gelatin. The ordinary alleged acid- 
and hase-free gelatin ^ will, hy itself, with water, show all the four 
types of hydrophilic colloid syste7ns described for the soaps? 

Dry gelatin absorbs water (to yield the system waixn-dissohasd- 
in-gelatin) and has a limited solubility in water (to ykM tlu^ sysl cin 
gelatin-dissolved-in-water) . Between these extremes and <l(‘}>(ni(I- 
ing merely upon the relative amounts of gelatin and wat(n' pr(*seni 
there lie the systems gelatin-solution dispersed in hydraltid-g(‘Ialin 
(gel) or, with more water, hydrated-gelatin dispcirsod in gelatin- 
solution (sol). 

What is the action of alkalies (or acids) upon these sysicans? 

Under variously worded headings this proldtun has r(‘C(M\'(‘d 
much study. The effects of alkalies (and acids) ui)on tin* lowtu- 
most of the four systems may be found descrit)ed undcn- t h(‘ cap- 
tion swelling of gelatin in the prestmcc of acnds and alkalit^s*;'^ 
their effects upon the system gelatin-solution-in-hydrat(ul-g(hitin 
under the heading liquefaction and solution ” of gcdat in;’* tlnn’r 
effects upon the system hydratod-gelatin-in-g(datin-solut,ion uiulov 
studies in viscosity;*'" their effects upon th(^. syste.m tnu'. solution 
of gelatin-in-water as studies on the “ solubility of gelatin.*" 
What is the relationship between all these? 

It is well to begin by inquiring into the r(^lat.ionshi{) b(dw(‘(m 
the swelling of a soluble '' “ neutral protein and its “ solution/’ 

^ See the footnote on page 209. 

2 See page 69. 

3 See for example K, Spiro: HofmeistePs Beitnige, 5, 27G (1904); Wolf- 
GANG Ostwald: Pfliiger"s Arch., 108, 563 (1905); Martin H. Fischkr: 
(Edema and Nephritis, 3rd Ed,, 75, New York (1920) where r(*fc*n*nceK to 
the earlier studies may be found. 

** Martin H. Fischer: Science, 42, 223 (1915); Koll(>id-Zeitsc4ir., 17, I 
(1915). 

^See for example the work of Hofmkihter, Pai.'M, Hahdv, von 
ScHROEDER, Handovbky, Sctiorr, etc., on the viscosity of Hqui<l proteiiis 

(^‘sols'O. 

® Martin H. Fischer: (Edema and Nephritis, 3rd Ed., 513, New York 
(1920). As of similar import but upon other proteins may lx* cii(*d Home 
studies on wheat gluten. T. B. Wood and W. B. Hardy (Proc. Itoy. Hoe., 
London, Series B, 81, 38 (1908)) studied the ^‘diBinti^gration ” and 
tion” of gluten under the influence of acids while F, W. IJphon and J. W. 
Calvin (Jour. Am. Chem. Soc., 37, 1295 (1915)) studied its swelling under 
similar circumstances. 
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The notion that solution is but a contin- 
uation of swelling persists to this day.^ 
Investigation ^ of the problem, however, 
has shown that this is not the case. The 
matter is easily proved by working with 
gelatin at concentrations and tempera- 
tures near its gelation or melting point. 
Since alkalies and acids increase hydra- 
tion (increase swelling) the addition of 
these substances to a barely liquid 
gelatin-water mixture ought to stiffen it. 
As a matter of fact just the reverse occurs.’ 
By working with a stiff gelatin, a pre- 
viously solid mixture is made to liquefy 
upon the addition of these substances. 

The phenomena of swelling (hydration) 
and of “ solution ^ in such soluble protein 
gels as gelatin^ while frequently associated, 
are therefore essentially different Swelling 
is best understood as a change whereby the 
protein enters into physico-chemical com- 
bination with more of the solvent (water), as 
a change in the direction of greater solubility 
of the solvent in the protein; “ solution ” 
is best conceived of as a change in the direc- 
tion of greater solubility (an increased degree 
of dispersion) of the colloid in the solvent. 
If reference is made to Figs. 48 and 49 
(page 70) it will be noted that changes 
involving swelling occur in the region 
below the level marked V; changes in 
the direction of liquefaction or “ solu- 
tion ” above the level marked F. A 



^ See for example Wolfcjang Pauli: Kolloidchemie der Eiweisskorper, 
63, Dresden (1920). 

2 Martin H. Fischer: Science, 42, 223 (1915); Kolloid-Zcitschr., 17, 1 
(1915). 

2 Since there are many opinions regarding the nature of ^‘solution,” accu- 
rate definition of the term is not easy. We are here using the term in its 
broadest sense as covering everything, in the case of the colloids, from their 
liquefaction point upwards to the accepted 'True’’ solution of the physical 
chepaists, 
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single experiment, chosen from many, may serve to illustrate 
the point. 

In Table LXIX and Fig. 109 is shown how the addition of a 
fixed alkali to an otherwise solid gelatin gel liquefies this. 


TABLE LXrX 

Neutral Gelatin Gel and Alkali 


Tube 

number. 

Concentration of mixture. 

1 

2 cc. 10 percent gelatin -f 8 cc. H 2 O 



2 

2 cc. 10 

“ -{-0.1 cc. n/10 NaOH+7.9 ce. 


3 

2 cc. 10 

“ -{-0.2 cc. “ 

“ +7,8 cc. 


4 

2 cc. 10 

“ +0.3 cc. “ 

“ +7.7 cc. 


5 

2 cc. 10 

“ +0.4 cc. “ 

+7.()cc. 


6 

2 cc. 10 

+0.5 cc. “ 

“ +7.5 cc. 


7 

2 cc. 10 

“ +1.0 cc. “ 

“ +7.0 cc. 


8 

2 cc. 10 

" +1.5 cc. “ 

“ +6.5 cc. 


9 

2 cc. 10 

" +2.0 cc. “ 

“ +6.0 cc. 


10 

2 cc. 10 

“ +2.5 cc. “ 

“ +5.5 cc. 


11 

2 cc. 10 

“ +3.0 cc. “ 

“ +5,0 cc. 



The mixtures were liquefied in a warm-water bath, After standing ff>r twenty-four 
hours at 25° C. the gelatin in tube 1 was solid; that in tubes 2 , Z, 4 and 5 was also solid ; 
in tube 6 the surface quivered on shaking. The gelatin in tube 7 flowed as a vis<ud liquid. 
In the remaining tubes the gelatin was entirely liquid. 


TABLE LXX 

Neutral Gelatin Gel and Acid 


Tube 

number. 

Concentration of mixture. 

1 

2 cc. 10 percent gelatin +8 cc. H 2 O 



2 

2cc. 10 “ 

+0.1 cc. n/10 HCl + 7,9 cc. 

mo 

3 

2 cc. 10 

“ +0.2 cc. “ 

“ +7.8 cc. 


4 

2cc. 10 “ 

“ +0.3 cc. “ 

“ +7.7 cc. 


5 

2 cc. 10 “ 

“ +0.4 cc. “ 

+7.6 cc. 


6 

2 cc. 10 “ 

“ +0.5 cc. “ 

“ +7.5 cc. 


7 

2 cc. 10 

“ +1.0 cc. “ 

" +7.0 00 . 


8 

2cc. 10 “ 

“ +1.5 cc. “ 

“ +6.5 cc. 


9 

2 cc. 10 " 

“ +2.0 cc. " 

'* +6.0 cc. 


10 

2cc. 10 “ 

“ +2.5 cc. “ 

“ +5.5 cc. 


11 

2cc. 10 “ 

“ +3,0 cc. “ 

“ +5.0 oc. 



After these mixtures had stood for twenty-four hours the control gelatin in tulx* 1 
was perfectly solid. The mixtures in tubes 2, 3, 4, 5 and 6 were so solid that they could 
be turned over, though on hard shaking they quivered; in tube 7 the gelatin flowed m 
a viscid liquid; in tubes 8, 9, 10 and 11 the mixtures were entirely fluid. 

Table LXX brings out the same general truths for the addition 
of acid to an otherwise solid, neutral ” gelatin gel. 

In interpreting the findings here described we would say that 
under the influence of the added alkali or acid the neutral 
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gelatin is converted into a basic gelatinate or a gelatin chlorid. 
These compounds, at the same concentration, are more soluble 
in water than the neutral gelatin and hence the liquefaction of 
these systems. 

TABLE LXXI 


Sodium Gelatinate and Salt 


Tube 

number. 

Concentration of mixture. 

1 

2 cc. 

10 percent gelatin -{-8 cc. H 2 O 



2 

2 cc. 

10 

‘ ‘ 

-f 1.5 cc. n/10 NaOH-1-6.5 cc. H 2 O 

3 

2 cc. 

10 

‘ ‘ 

-fl.Scc. “ 

“ +0.1CC. m 

NaCl+6.4 cc. H 2 O 

4 

2 cc. 

10 

‘ ‘ 

+ 1.5 cc. “ 

“ +0.2 CC. “ 

“ +6.3 cc. “ 

5 

2 cc. 

10 


+ 1.5 cc. “ 

“ +0.3CC. “ 

“ +6.2 cc. “ 

6 

2 cc. 

10 


+ 1.5 cc. “ 

“ +0.4 CC. “ 

" +6.1cc..“ 

7 

2 cc. 

10 


+ 1.5 cc. “ 

“ +0.5CC. “ 

“ +6.0 cc. “ 

8 

2 cc. 

10 


+ 1.5 cc. “ 

“ +1.0 CC. “ 

“ +5.5 cc. “ 

9 

2 cc. 

10 


+ 1.5 cc. “ 

“ +2.0 CC. “ 

“ +4.5 cc. “ 

10 

2 cc. 

10 


+ 1.5 cc. “ 

“ .+3.0CC. “ 

" +3.5 cc. " 

11 

2 cc. 

10 


+ 1.5 cc. “ 

“ +4.0 cc. “ 

“ +2.5 cc. “ 

12 

2 cc. 

10 


+ 1.5 cc. “ 

“ +5.0 cc. “ 

“ +1.5 cc. “ 


At the end of twenty-four hours the pure gelatin was solid; the gelatin plus the alkali 
was liquid. The tubes containing sodium chlorid in addition were all solid, the optimum 
stiffening effect of the salt being evident in tube 7. 


TABLE LXXII 

Gelatin Chlorid and Salt 


Tube 

number. 

Concentration of mixture. 

1 

2 cc. 10 percent gelatin +8 cc. H 2 O 




2 

2 cc. 

10 


+ 1.5 cc. n/10 HCl + 6.5 cc. 

H 2 O 

3 

2 cc. 

10 


+ 1 . 5 cc. “ 

‘ ‘ +0. 1 cc. 

m 

NaCl + 6.4 cc. H 2 O 

4 

2 cc. 

10 


+ 1.5 cc. “ 

“ +0.2 cc. 


“ +6.3 cc. “ 

5 

2 cc. 

10 


+ 1.5 cc. ‘ ‘ 

“ +0.3 cc. 


“ +6.2 cc. “ 

6 

2 cc. 

10 


+ 1.5 cc. “ 

“ +0.4 cc. 


“ +6.1CC. “ 

7 

2 cc. 

10 


+ 1 . 5 cc. “ 

“ +0.5 cc. 


“ +6.0 CC. “ 

8 

2 cc. 

10 


+ 1 . 5 cc. ‘ ‘ 

“ +1.0 cc. 


“ +5.5 0,0. “ 

9 

2 cc. 

10 


+ 1.5 cc. “ 

“ +2.0 cc. 


“ +4.5 CC. “ 

10 

2 cc. 

10 


+ 1.5 cc. “ 

* * +3 , 0 cc. 


“ +3.5 CC. “ 

11 

2 cc. 

10 


+ 1 . 5 cc. ' ‘ 

“ +4.0 cc. 


" +2.5 CC. “ 

12 

2 cc. 

10 


+ 1.5 cc. “ 

“ +5.0 cc. 


“ + 1 . 5 cc. “ 


Twenty-four hours after the mixtures had been prepared the pure gelatin in tube 1 
was solid; the acidified gelatin in tube 2 was liquid. A distinct influence of the sodium 
chlorid was evident even in tube 3 where the mixture barely flowed. The viscosity increased 
progressively from tube 4 to tube 7 in which the optimum effect of the sodium chlorid was 
observed. Here the gelatin was solid, but not quite so solid as the pure gelatin. The 
gelatin mixtures in tubes 8, 9, 10, 11 and 12 were solid, but, on being tapped, quivered 
more easily than did the gelatin in tube 7. 
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To illiLst.nii(‘, now, upon such basic for acidic) ^i^cdatin 
effects of a iKUitnil salt (in niinii(uy of {h{‘ sail in|^*»otit cITccfn 
obsorvtal upon soa.|)s), d\*iblcs LX XI and LX XII arc int rtHiucc(l, 
They show tha.t the (iddilion of a nvoinil solf in ifivrvtnntnj etni^ 
ceniration to a ptrvionMij lif/uid (jclatin at fir. d iarn^asrs its visntsiiy 
to an optiniuni point ({jvlaiion) and then drn'Kisis it. The same 
expL'ination holds for t his flndin^z; as in I he ease of the soaf)s. The 
salt lK‘coines hydralcMl and, as salt-waler, becomes eiaidsified in 
thehydrat(‘d latsic; (or acidic*) fz;(‘Ialin. With sail added beyond fhr» 
optinunn point the salt-water beconH*s tin* external phase and the 
viscosity of th(5 systcaii falls. With caiouidi salt adde*d the wlioln 
of the ^edatin (as sodium gelatinale or gelatin chloriil ami mU as 
'' neutral p;clatin) s(*para(es off in practically juihy<!rous form. 


5. Supplementary and Critical Remarks 
§ 1 

It is necessary to k(‘(*p (Tsarly in mind that tla* possiliilities for 
chenueal and eolloid-cheinhail change as thus far tnil lined for the 
fatty acids and the i)rot(‘inH const it ut(‘ only a small fraction rff 
those whi(di m(ifj }k‘ imhuaal. 

Wiiih*. we have* said that only alkalies will unite with the fatty 
acidn and only alkalh^s and acids for tluar salt si with the fatly- 
rherij5(^d amino-acids calkal proteins, the former may In* snlphofe 
ated, may Ite sat uratisl with hyclrogen, may be (t\i<iized or iodized 
while the lattcu- may also Im‘ oxidized, hydroxylaled ctr have acids 
bound to them (dK<nvh<*n* in thc» imdeeule ilian at an Xfl,* groiifiiiig. 
As each of these chemical chanijcH is imlnrctl the fntip acid firnmtjre 
or the protein derivative assumes nrir properties of solninliifi /or 
water and in water and as this happfiis (he eoUtfifMieMiea! /e*e/e 
eriies (like the eiseosih/) of the Hj/siem in lehiek nueh a ehrmirnt 
change has been induced ^ must also change J 

T(t keep things simple* we bavt* a!wi fouclKsl iifsifi only the 
groHsew of the pha,H<* differ(mc(»H pn^wmt.^ as iieuind profeiiis uiiife 
with alkalies or acids. How imndi imtre c‘om|ilicaled in fmi are 
the systems which have Imen (k^Hcribed is ajifairenf wlicui reffTimee. 
is rnadci to Figs. 4B and 49 and the systeiii, st-earic fi(*id dilkali/ 

* ITe derivatives Imied have alrcmiy bf*iai partly «tndicci in iiiir liibtriifery 
and will be reported ujxtn later. 


SOAPS, PROTEIN DERIVATIVES AND TISSUES 


223 


water is considered and compared wrth the analogous system 
protein / alkali / water. ^ 

If neutralization is not complete, the result is an emulsion of 
the uncombined fatty or proteinic acid in such hydrated '' soap 
as is produced. If neutralization is complete and the water con- 
tent is sufficiently low, only pure hydrated alkali stearate or 
hydrated alkali proteinate is obtained. This obviously corre- 
sponds to the lowermost levels of the two diagrams. Depend- 
ing upon the temperature either solid (Fig. 49) or liquid (Fig. 48) 
systems may be obtained. With sufficient water, only a true 
solution ’’ of the alkali stearate or alkali proteinate in water is 
obtained. We are then in the topmost levels of the two diagrams. 
In such solution, however, there follows hydrolysis of these com- 
pounds, so that in addition to molecules in solution there may 
appear, beside the soap, free fatty or proteinic acid and free 
alkali and along with these the ions of these substances. The 
presence of such ions in the case of protein/water systems has 
commonly been called upon to account for their colloid-chemical 
properties. Things are almost exactly the reverse. The most 
definitely colloid soap or protein/water systems, in other words 
the more concentrated ones, are at the other end of the diagrams 
and show no ions at all. Whenever such appear, they are the 
accidental products of dilution and hydrolysis. They begin to 
appear therefore as soon as soap or protein in true solution in 
water appears within the hydrated soap or protein, in other words 
in all the various mixed systems which lie in or above the level Y. 
The ions are, however, not in the hydrated colloid, but in those 
portions of these mixed systems which contain dissolved, dissoci- 
ated and hydrolyzed soap or protein. 

To illustrate the infinite variety of systems that may result 
from mixture of a base with a fatty acid or protein we need but 
list the following: fatty or proteinic acid emulsified in hydrated 
soap or basic proteinate, and vice versa; soap or protein solu- 
tion in solid hydrated soap or basic proteinate, and vice versa; 
soap or protein “ solution in liquid hydrated soap or basic pro- 
teinate and vice versa; soap or protein solution,’’ pure and free 
from ions or such as contains free fatty or proteinic acid, free 
alkali, and the whole gamut of ions;— all determined obviously 

^ Figs. 13 and 76 and Figs. 98 to 103 with the accompanying texts 
should be studied in this connection. 
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by the concentrations of the various materials existing in any sys- 
tem, by the content of water in the system and the temperattirc^. 

Every one of these systems may be produced at will from 
fatty acids and alkali or from neutral proteins with alkali 
or acid. 


§2 

It will be noticed that the above remarks attempting to 
explain the colloid-chemistry of protein/water systems have 
called for no concepts outside those of mutual solubility and 
mutual emulsification or suspension, just as in the cas(i of soap/ 
water systems. What then becomes of the chemical, (d(^<d,ri(^al, 
surface tension, adsorption, etc., theories of stability in colloid 
systems proposed by various authors? The answer is, w(‘, t.hink, 
simple. Their views are not always wrong, l)ut t.hey suffer 
universally from one-sidedness. They err either bcicaiise t,hc‘y 
are inadequate to explain more than a part of the behavior of 
all colloid systems or because the explanation holds for only 
limited examples. If reference is again made to Figs. 48 and 49 
it will be seen that those authors, for example, who ivy t.o s(‘(5 
in all colloid systems nothing but special instances of modified 
true solutions are clearly trying to find the explanation of 
all colloid phenomena in regions lying above the level hi, and 
that often they are attempting to do this by the chang(js imndent 
to mere passage from some one horizontal level to the next. Huch 
a view is obviously too limited, for it ignores the behavior of all 
such systems as lie below the level V. Those authors, on the 
other hand, who hold that change in some one factor is responsible 
for the changes in stability of all colloid systems suffer from a 
similar limitation in point of view. It is difficult, for example, 
to conjure up electrical notions to explain the stability of colloid 
systems which consist merely of organic solvents and inat.CTials 
like fat or rubber. Stoichiometrical relationships losci their force 
when stabile colloid systems can be built of most variablcis pro- 
portions of fat and a hydratable carbohydrate (for example 
cottonseed oil in hydrated acacia, glycogen or dextrin). Sur- 
face tension views are inadequate when, with progressive change 
in surface tension relationship between any two substances, stabil- 
ization is obtainable only through a portion of the range, or, con- 
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versely, throughout the whole range no matter what the surface 
values. 

And yet these remarks must not be misunderstood. They 
do not, in the first place, diminish the value of the actual observa- 
tions made by these different authors upon various colloid systems; 
nor do they deny that the factors they cite are not of some impor- 
tance in some systems. The whole problem, obviously, moves 
back, to an inquiry into still more fundamental ones: what is 
the nature of solution; what are the forces active in producing 
and maintaining emulsions; and what is the nature of solidifi- 
cation without or with a '' solvent 

We do not ourselves presume to answer these questions. In 
the matter of the nature of solution, however, we would like to 
emphasize our growing opinion that it is much more often union 
in quantitative relations between dissolved substance and the 
dissolving medium with the production of new compounds than 
is at present accepted by the dilute solution chemists; and 
that, especially in concentrated '' systems, this factor becomes so 
great that the added element of mere subdivision of one material 
in a second, so heavily stressed in the “ dilute solutions, largely 
disappears. 

The forces active in stabilizing a colloid system may be any 
or all of those which make possible or give character to a solu- 
tion,’^ or which permit of the stabilization of one material in a 
second to yield either (depending upon the physical state of the 
phases) an emulsion or a suspension. As all the facts of mutual 
solution cannot be understood upon any purely electrical basis, 
and as all the phenomena of cohesion, adhesion, suspension, 
stabilization, etc., cannot at present be understood through any 
single notion of viscosity, surface tension or other force, neither 
can purely chemical, purely electrical or purely surface tension 
concepts alone explain ” the behavior of these systems. 


G. On Peptization and Coagulation 

§ 1 

With the ideas of the preceding pages in mind we wish now 
to consider certain group reactions characteristic of different 
proteins, to see if some simpler concepts than we now possess 
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regardins t.ho fundiuiwinf.al natun; of flics*? groiiji react ions, can 
not be disco vered. Hclcrciici; is made to their " pepf izal ion ” 
and to their “ coiigula.iion ” und(!r various circumstances ami 
to the colloid-c.hemieal e(}iiival(?nt.s in types of change encoiinterf'd 
in the physiology and pathology of protoplasm under the terms 
liquefaction, coagulation and necrosis. 

The tenn “ [Kiptization ” may he taken for our jiurposes as 
the antonym of “ coagulation.” The latter term has been ai»piied 
to what represents at. least several different fyjies of change in 
protein/water systems. What these have in common, however, 
is a change in state from one in which the iirotein (or soafi! is in 
solution or suspension, to one in which it is aggi'cgated, se|»;irate<l- 
out or precipitated. In flu! terms of Woi.foam; (isnvAi.n the 
changes characteristic of coagulation are essentially flio.se of 
decrease in degree of dispersion, in other wonts changi-.s in the 
direction of coarser division of the materiats. .\.ssociated with 
such a change may lx; one in water-holding power, in oplh-al 
properties, in viscosity, etc. 'rii(?re are timse who would re.sfrict 
the tenn “coagulation” to .siieli eh.anges as jirove irreversible. 
An alhurniii would tliereffu-e he .said to l.e eoagidahle ihroiigh 
heat or a rnoremy salt (since lowering of temiH'ratiire or dilnthm 
of the mercury sidt <1 (k!s not bring i.aek the albumin t*i its former 
“ dissolved ” state); it would not Im' coagulahle, however, thiough 
saturated nuignesium sulphate .solution ifor tlii.s on dilution allows 
the “ albumin ” to re-suine its former. slate). 1„ t\ti- lat.hT instance 
the change is often de.signafed as a i)r(‘ci(iit,alion or " .sailing-oui ” 
of the “albumin.” It, dix-s not mutter, for our purimses, how 
the terms are used, for eolloid-clieiuislry nm-ds to consider them 
all. The distinctions are, moreover, arbitrary for, as long known, 
even heat eoaguhdions am not conipleiely irn-ve.rsihle if the higli 
temperature is not, imiinfaine.i Kk, long; and w.* shall m-c later 
that, just in the cjise of the. .soaps, tla; heavy metal i-oagiila- 
tions of the proteins (am akso Is; “rediasolved.” What light ilo 
the observations on soaiw and tlx; soap-lik<( protein componmis 

already described cast Ufsm tlm nattmt of these congulative 
changes? 

In order to illuHtratn how we think the* views develom-d in 
the preceding pages should h; ar.plied fora Is-fier understamling 
of the proce-^iH of “ iHiptimtion ” and “coagulation ” in protein 
systems, we shall cite examples illuHtrafing jirolein change (1) 
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of the peptization and coagulation type, (2) of the heat coagulation 
type and (3) of the physiological coagulation type. 


Peptization may be discussed by reference to the well-known 
I changes suffered by a protein “insoluble"’ in water, such as 

I casein, when this is subjected to the action of any of the light 

1 metal alkalies. Casein, like any of the pure higher fatty acids 

(for example palmitic), when mixed with water fails “ to dissolve.” 
Expressed in the terms developed in connection with the theory 
of the lyophilic soap colloids,^ the casein and the palmitic acid are 
neither soluble in water nor yet solvents for water. When, how- 
ever, an alkali (like sodium hydroxid) is added to either, both 
become “ soluble.” In the case of the fatty acid we have long 
said that the change is coincident with transformation from' fatty 
acid to a soap; in the case of casein (and similar proteins) however, 
; we have more commonly said that it is “ soluble ” “ in alkaline 

j solutions,” that it is “peptized” by alkalies, that it “becomes 

colloidally dispersed through a requisite number of OH ions,” 
i etc. It simplifies matters and is more correct to say that what 

^ happens is the same in both sets of materials. From the casein, 

; too, is formed a soap-like compound (namely sodium caseinate) 

, which is not only more soluble in water but also a better solvent 

i for water than the original “ neutral ” casein. As the soaps are 

j best thought of as definite compounds , each with its own solubility in 

\ water and its own solvent power for water, so also is it best to conceive 

of the basic and metallic proteinates also as definite chemical com- 
pounds possessed of their own solubility in water and solvent power 
for water. 

The idea that alkalies (or acids) unite with protein to yield new 
compounds is, by itself, of course, not new. It was early expressed 
by S. Btjgarsky and L. Liebermann ^ and has, since their studies, 
been confirmed and developed by W. B.Hardy,^ Wolfgang Pauli,^ 

^ See page 64. 

Bugarsky and L. Liebermann: Pfliiger’s Arch., 72, 51 (1898). 

3^3 Hardy: Jour. Physiol., 33, 251 (1905). 

^Wolfgang Pauli: Kolloidchemie der Eiweisskorper, 69, Dresden (1920) 
where may be found the references to his earlier studies. 
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reasonable to consider this proof that the system water-dis- 
solved-in-sodium-caseinate is something different from a solution 
of sodium-caseinate-in-water. It must be admitted either (1) that 
indicator methods may not be applied to such a system or that if 
they are applicable (2) it contains no ions. We reemphasize the 
point because to our minds the tissues of the body, including the 
blood and lymph, are such solutions of water 
in protein (protoplasm) and that, like a con- 
centrated sodium caseinate/ water system, they 
are electrically neutral, that indicator methods 
cannot be applied to them without the greatest 
reserv'e and that it is fundamentally false to 
regard them as systems for which the laws of 
the ordinary dilute solutions may be expected 
to be valid. 

Slight dilution of the concentrated sodium 
caseinate/ water system with water suffices to turn 
it pink even when the system is still entirely solid. 

What turns pink is that portion of the emulsion 
thus formed which represents the phase, dilute 
solution of sodium caseinate in water subdivided 
in the unchanged (more solid) solution of water 
in sodium caseinate. 

Still further dilution increases the amount of 
the dilute solution phase and therefore the inten- 
sity of the pink color (see Fig. 110). When 
sufficient water is added the system becomes 
more liquid since it is now composed of a subdi- 
vision of hydrated sodium caseinate particles 
within a true ’’ solution of sodium caseinate as 
an external, enveloping phase. 

On extreme dilution the system becomes in- 
tensely red (see the upper sections of the tube in Fig. 110) 
because this is merely a dilute solution of sodium caseinate in 
water which has at the same time suffered great hydrolysis. 

Just as the solubility and hydration properties of any fatty 
acid with different bases change as we pass from the alkali metals 
through the alkaline earths to the heavy metals, so also do the 
solubility and hydration capacities of casein, and in the same 
general fashion. The changes observed in the system as one 
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metal displaccH anotlu*r C‘Xplain mur*h ef what in f>rflirian!y 
(IcHcribed under the Iiead of th(» jM*p! iza! ion/’ ‘‘ prec'ipilalicai ” 
or coagulation of thc^ ])ro!(‘in ecjlloids, 

Wluui potaHHium hydroxid, for oxunipl(% h added to a sodima 
caHeinate/vvater system it. is iwpt iz«‘d and hecona*.s naire 
liquid; while throuji^h th<^ addition <d mai^iiednia, ealriuia or iron 
salts precipitation or “ mn/a/^/Z/da ” is produrrcL We prefer fo 
say that in the fimt instaina* maferialH are bu’nied fpotassiuin 
caseinadO whicii an^ more solulde in wat<T, whereft^re the wla^le 
system tends in the <lireetioii t>f the less viseid true soiulion; 
while in the H(u;ond, materials are prodneed whi«‘h are less soluble 
in water and arc*, posHC‘.ss<ai of a lower hydration eafiaeity. Heiiect 
their Bc^puration from the* di.s|H*rHi(»n medium. 

As revemion from a statcoif low hydration, low scdnhilit)’' ami 
precipitation to a state of highcu’ hydrutiori and solution *’ is most 
easily ohiaincal in the* c’hsc* of the* .scutpH when the alkali metals are 
involved, is more difficmlt when thon* of tla* alkaline* earths are 
considercKl and is gcmcn-ally mid to In* irnpomihle in the* ease* of the* 
heavy metal soaps, hcj also in tin* c*asf* of t hi* proteiuH are I he similar 
rewerHions aceomplishcui with immaising diflieulty and nam* ami 
more slowly as we puss from the* alkalies tltrough the alkaline 
earths to tiici Inurvy mc^talH. Tlie heavy metal sails are for tliiH 
reason regularly listed as “ eoagulanfs ’’ of thv imUeins. while 
those of the alkaline^ earths oreu|)y an liiuhigiiouH middle ground. 
The light mcRal Halts act memlyas ** pmeipilanfH '' for the proteins. 
As previously (‘mpliasizcal * anil to Is* tfiuehed ufam itgain " 
facts are of iinportan(*c* not only for the understiinfliiig of the 
nature of eciilain coagulationH hut eiiihoii>' the principles ivhirh 
must be employed when sueh cajiticulations iip|w*itr in living matter 
in consequences of heavy medal poisoning. 


It is necesatiry now to dbvnm the effects of Umiumiinm iifmn 
the proteins, associated with which is flic c|ne,j4|ifai of Itifdr hml 
coagulation in order to when* this set of jilif*iioineiiii Ims its 
analog in the eollcnckihemisity' of the soups. 

* Mabtw H. FtHcuBaami Mahian O. Hofmiji: 4S, 4IMl tlfllSb 

^ Bese page 240. 
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Fora. ff‘.w <)f lh(‘ prof (‘ins fasji;(*.lat.in) in j)rfss(nKH‘, of tho li^ijht; 
nK*taI !)aHf*.Sy lh{‘, (‘fT(‘(^fs of lc‘inp(‘rat.nni may h(‘. (lismissed with t.lio 
sfaf(‘m(‘nt lhaf- niLsinii; Uh^ f(‘miKiratur(‘. merely mov(‘,s th(^ syHfxnn 
in file (linatlHai of tnui solufion in waUir. As ordinarily stat(?d, 
tlie prolf*inH are mores sohible ” at th(s highesr t(smj)eratur(sH a,n(l 
arf‘ “ not eoagulahhs by hesat. The same miji;hf,, of (sourse, fxs 
said of flics “ solubilify ” of the lower fatty acsids whesn t.hescs, in 
tlie |>nsH(sn(as of sodium or potassium hydroxid and wafer are raiscsd 
in t<*m|Ksraf uns. Wlusn (lus sarncs protesins arcs (‘xa,min(sd in (rlxs 
pn*.HC‘ne(s of ina|£;nesium or (salcsiurii tlusir behavior bcscsouicss ^^afnl)ig« 
uouH,” wliilcs in thes flics iinsHcnecs of hesavy metals fins [H-ofeins a, ns 
uniformly eoai^ulablcs at all ksmfKsra-fiires. Thes r(‘asons for fiiis 
arcs to las found in the fact that many of thes nutgrasHium and 
calcdum pn)Usinaf(SH (likes thes magnessium and esa-letium soa,ps) a, res 
littks rnoits solubles at higlicsr temi)era,tunsH than a,t lowesr onesH, 
while all thes hesavy mestal predeieiates, like t hes hesavy mesf.al soa-iiH, 
haves a If>w hydration capacity and a low solubility in wat.e‘r at» a, 11 
temfxsnifuresg. 

Thes acesespted csxamide of hesat coagtilaf.ion (or liesat dmalunza’^ 
(ion of thes })rot<sin howesvesr, besst sesesn in esesrf ain of thes jsro- 
tesins likes various albumins and globulins, llesres rises in tesmpesnit-ures 
eve»n in tins pnssesneses of light mestals elexss not favor hydration and 
solution of thes prot4‘in hut just thes resvesrscs. VVhesres in thes 
(‘olle>ieh<‘lie‘miHt ry of thes soaps do wes enesountesr an analogous nest of 
faests? Nowhesns in t his group of thes systesms esornposesd of pures son, pH 
ami liflles wat4sr, but in the bnhavi<rr of thonc in which Ihrongh hifflroly- 

or othfTimHc the HcparaUon of irmdnhlc free fatty (leid in faimrcjL 
In ike erne if the heat coaijukibk ” proteim it in oIho a matter^ not of 
the mayuluUon of the potwesinnif mdiuni^ ete,^ proteinoleH through 
increme in icniperature but tf the free (proteinic) acid formed after 
hydrobj^iii. Hies ileuiiH which favor suesh hesat (soagulatie)n ares t he 
iteniH which inakes fea'iiHsre‘ase» in hydrejlysis or disfilarscsmesnt of tlie 
systeaii in this dinscsliem of a liighcsr esonceritration of freses proiesinies 
licdd. Idas hesat ilsesM* dcKss this, though thes wliole proccsss in 
favored by dilution of the* sysUsm with water, and thes addition 
e»f miall amounts of acid. llesatHsoagulaicsd protesin/watxsr HyKiesins 
ant csciiiHiclesrisd as anmng thes mejst (ypicsal of tins irresvcTHitile 
e*oagulalions. Hevc»rHibIf*, henvesvesr, they ans, as wifnesss thesir 
BweJIirig and solufion wfie»ii such “ denatunsd protesins ares f resated 
with light metal hydroxids. I'he names phesnomesna ares ol>Hesrvaf)Ic5 
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in the soaps. On dilution and application of heat- tlici lip:ht. inefal 
soaps, especially of the higher fatty acids, sutler great liydrolysis, 
and this hydrolysis is not reversibh^ on simple lowering of t(^m~ 
perature. But let the freed fal.ty acid Ix^ tr(^at.(xl with niort^ con- 
centrated alkali, and reversion to a swcdling and soluhk^ fatty 
acid ” — to speak for the moment in the terms of prot/cin chemis- 
try — gradually comes about. 

In a careful st.udy of tins problem Krafbt ^ l)oilcd a unit 
weight (1 gram) of soap (sodium palmiiatcd with incrc'.asing vol- 
umes (200 to 900 cc.) of water. Just, as wh(m (^(‘rtain protein 
solutions ” are thus boiled, these soaf) mixt.ur<‘s b(‘(x>m(‘. milky. 
On cooling, a shining precipitate sctJk^s out, which on analysis 
shows a progressively lower percent, jigc^ of sodium and higher per- 
centage of fatty acid when compared wit h t lie: (*.omi)OKition of t he 
pure soap, as the volume of water in whicJi tlH‘, soa}) was boihxl is 
increased. The original soaf) contaiiuxl S.27 pcnxumt, sodium. 
In contrast t,o this the cook^l fraction wh(‘.n boikxl with 200 cc;. 
water showed but 7.01 penxuit,; witJi 450 ee, wahu*, (>.32 jK;n;c;nt; 
with 900 cc. wa1,er, 4.20 i)ercent. KRAFrr int.(;rpr(;t,<;d t his finding 
as indicating that tlunx; was a split,ting of tlu; soap int.o sodium 
hydroxid and acid-soap (sodium l>ii)almitat(‘). This idcia has 
since been fr(;quently adopt.ed by other work(‘rH. It is, to our 
minds, only partly <;orrect. Th(;re is, undoul>t(‘dly, witli increas- 
ing dilution and inenjasing temfKiratun;, an inen^asing fraction of 
free alkali formed. This is the (ionseciuemu; of the. b(;tt(‘r (;ondi- 
t,ions offered for hydrolysis of the; soap into fn^f; alkali and fr(;e 
fatty acid. But the mass which separales on cooling is c.CTtainly no 
true bipalmitate, for chemical reasons aloru; make it, hard t,o see 
how a monovalent fatty acid can giv(i rise to acid ” salts. The 
separated mass is not a chemical compouml, hut simply free; fatty 
acid with which has been admixed m(;chanically a smalkir and 
smaller amount of neut-ral soap. 

What, has b(;en said of sodium palrnitate holds also for sodium 
stearat,e and for all the higher mernlK^rs of tho a(;(di(; stories. It is 
true also for sodium ok;ate. The amount of sucdi hydrolysis, 
however, decreases as the acetic series is dciscAUukid so that for 
sodiunx caprate and for^oaps lying below this it is very small 
indeed. Were wc to convert this finding into the terms of pro- 
tein ” “ coagulation,'' we would have to my that the '' protein " 

^ Keapft: Ber. d, dent. chem. GcBellsch., 27, 1747 (1894). 
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is no lon^or hoat-cNia^uliihlf. I'lu* analog for* (.h(* h(‘.havior* of 
soaps of this typo may ho found in tho basic d(u*ivat.iv(‘S of (!(‘rt.a,in 
li^lohulins. 

§4 

Wn wislp linally, to touch upon some hiologiml coiigulaimm 
in an attcm|)l to <h 4 inc their natun* nmni (closely in tin* Irnns of 
colloid-cdiciiiist ry. i{cfcrciH‘o is much*. t.o th(‘. coatijulaAionH t.yj)ical 
of IjIcmhI, milk and nmsede jui(‘<*. In all th<‘S(*. instan{^<‘s a prot.(un 
IhhIv ffiluirHiKon, casciiHjjkCcai, myosino^cn) pasH(*s from a “ sol- 
tilde state to ail inHoluhlu ” clot thbrin, cast‘in, myosin). Ii(‘“ 
twefai tile two extremeH, h<iwev(*r, the ori|i;inalIy li({tti<I “ [ihisma 
S 4 *ts into a j<diy which gradually lievidops signs of cont raiding with 
the squeezing off of a s<*rum.” d'he clot finally swims in this 
s<*rnm as a relatively anhydrous mass. It is not our purposi* to 
enter into I lie deliatr* concerning the r’hemical natun* of tin* 
various f ‘lenient s which are necessary for smdi (‘oagulation. All 
aut liors S 4 ‘em to agree that a suhstaiH*e .r fibrin fermejit,’’ run* 
nin, miisch* ferment I nvis upon a, sei'omt ffihrinogen, i*a.S(*inog(m, 
inyosinogmil to prodm^e the clot, th<' prodmdion of the. latl<u’ 
(HUiig greatly favored Ia* the pres<*nce. of some* of thc^ (*artliy or 
heavier nadals such as ealcium or iron. It would not yet- “ (‘Xplain 
the phvsic*al eiianges ac'eorufmnying the transformation of fibrino- 
gen into tihrin even if if wm'e provi’d (or ilisproved) t.hat, fibrin is 
a truf‘ chemieal union l#iUween ealeiuin and fihrinogiai. 

It itiil hr nppnrrnt that thr ndirr nrt nj phijHiatl rharigm arc nuch 
a.H mftfi hr itimrrrrd m ihr .^implr HtiUifuptfitt ttf n mnip ^ and whatrvrr 
(hr ultumitrbj nrerpird rhrmiml fnmlatnrnty* nf ** c/.a/haj//' thr 
‘phipdnil Iranf^ftfrinainrn in (hr Htjntmi mn.st hr n/ ihr mimr (jrnrral 
(ypr aM (dmtrrrd in tin mitintpimf e/a mnip. It is nef'essa,ry, ill (’on- 
S 4 S|Ueiice, to look at the soap system oihm* more (s<*e Fig, 74 ), to 
grasp eorna'lk" tin* anuhigous changf's in protein systemH vvfien 
lliiisi^ ‘‘ riot;* 

I'lie liquid ** plasma ” of l♦hKKh milk or muscle juicai is analogous 
to fi liqiiii! colloid system of the ty|N* sodium oleate water, d'he 
suhstauf'e x ifihrin ferment, reuftim niustde fmmient) whiidi will 
bring about clotting may be anything whicli will lead to the. He|> 
iiriitioii of a H 4 *corid plnm^ within tin? hydrated sodium oleate. 
It must in conseqiifuiri* tnt eJther (I) a HuhH!.aii(!(? wliich, like* sodium 

® Hia* page 113. 
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chlorid, (‘ornbinos witli wat(‘.r whil(^ (l(»,{)rivin^ tin' .sodium ok*,a,t(^ 
of its waica* or (2) om^ whi(;h acts upon tho sodium ol(‘at(^ (liko a 
weak acid) to producer from it. a ricnv subsian(‘<* flik(* fatly a(‘idj 
whi(;h remains emulsified in the unehan^xMl hydratcul .sodium 
oleate. In eith(u* insianec^ l.h(*. viscosity of th(^ whoki system 
must rise, as exemplific^d in th(^ first, sta^ijt^s of th(‘. .sa.lt in#^-c)ut of a 
soap or in the inen^asc^. in visc.osit.y oI)S<a*v(‘(I wh(‘n(iV(‘r a “ mayori- 
naise is made l)y (anulsificat.ion of a fat or fat-lik(^ body (fatty 
acid) in a hydrated soap or liydratx^d i)rot(*in. Wit.h addition of 
more salt or more fat-likc^ body t.hc^ tvjx* of (‘inulsion chaniijcts to 
one of soap-in-oil and as this (xaairs th(‘ viscosity of th(^ system 
falls, ‘‘ serum ” separaU^s ofT and th(^ soaj) or fatty acid swims as 
a clot to the top. If the soap or fatty aeid is (uystallim^ at th<‘ 
temperature of t.h(‘. clot.t.inj»; it. may, of cour.s(‘, (uystallizf^ out. It 
is of interest therefore to not(‘. t hat, in th(‘ cas(‘ of blood {•oa|»:ulat ion 
the clot is definitely c,ry stall in(^‘ 

We do not prc*.sunH', to say which of th<^ two tyiH^s of coagu- 
lant,” i.he fibrin f(‘rm(mt,” nmnin or muHeI(‘ hu'UKmt follows, l)ut 
we incline to tlie vi(^w t hat it. probably acts like* a W(*ak acid whi(*h 
splits the original hbrinogcai (and not like tlu^ salt), dlu* “ fer- 
ment ” nature of the difTenmt coagulants has IxHai s(*riously (|ue.s- 
tioned in latc^ years, for t.h(*y not. only sexun luuit. stabik^, but 
disappear quantitativcily as coagulation advam^cts. It is not 
necessary, of course, that such splitting ” should Ik* induced 
through a true ferment. Th(*. apixairancc^ in thc^ redact iori mixtun^ 
of any substance which a(d.s like a wemk a.cid would do (piite as 
well, for the addition of a limibul amount of such a substama* will 
not only stiffen a hydrated soap/ wabir systenn hut, similarly, any 
hydrated potassium, sodium or otluu* l)aHic, protcunatK* systtun, as 
illustrated, for example, in the souring ” of milk. 

How now may t lu^ “ favoring ” act ion upon coagulation eff 
calcium, iron or oth(‘r heavier salt s ho undcu-st ood? 1 1. is itecessaiy , 
here, to state just which i)art. of the c.oagulatory procc».HS is fav- 
ored.” Usually it means thci earlier apjKuiramx* of a fretet clot, or 
the developrrHvnt of a finner ” clot. Obviously thcj pr(*sencc* of 
the heavier metals must favor t.h(j d(‘.v(dopment of fatty acid or 
proteinic acid derivatives which an? poHB(?HB(al of low hydration 
capacities. 

’See StObel: Pfiager’s Arch., 156, 361 (1914); W. H. Howell: Arm 
Jour. Physiol., 35, 143 (1914). 
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ON THE THEORY OF POISONING BY AMMONIUM 
COMPOUNDS AND BY HEAVY METALS 

1. General Remarks 

If \v(' may apply lf> protnplastn thf‘ {’(Hichisions wlii(*h hjua* 
Lem n'aeheti in lla* pn^vinu^ paf^es il seems safe (o us to say' t haA 
the ffuuiiiatinii of living matliu* is a [jolyinerized aniino-t fatty j- 
iieid !o wliieli normally are joined various bases (like*, pot.assinm, 
sfHiiiiim inagrieNium and ealeimiu and various acid radicals (lilu* 
iddorid. hromid. hiear! »onat(‘, sulphate and phosphate) th(‘ \vhol(‘ 
constituting a unit ^ eapalde of sucking up or <lissolving ” a 
certain amount of wafer. It is in other wcu'ds a hasie-protcun- 
aeid rfunpoiind in which wafer has been disHolv(‘d. Mv(m the 
LIihhI atid the lymph tsave this eolloitl-ehemieal (‘onstit-utiom 
The seerefions from life body. <>n the olluu’ hand, n^fu'esfud the 
opposite fyiM' of syMfein life urine ami sweat, for t‘xampl(*, an^ 
eKsentially solutions of protoplasmie material in wa.bu*. 

If is of interest mnv to study this hydrated protoplasmi(‘ mass 
(fissuf^ and bloodi to see what ehnnges it may sufbu' when cdtier 
tfian tin* muma! bases m’ neids are introduced iritcf it <»r the pnn 
imrtioiis fif fliCN* efinst it uents to ea,(di othc»r are. varital from th<‘ 
rioniiiil. Fro|Ha' answer tiiu'e has nmrh to do witli <mr ftirnla- 
mental theories t»f the pliysiohfgy ami patliology <d <'ell beluivior 
arid of phiiriiiaeoiogicai iicti'on. 

® From roii?aiiiit m oolfoid-elM’itiiod. phy-Miolcigicnl loid pharmn- 

rfilogirril tlir f^foiipmn iiciv l»c r\prcsHi*d up|»ro\iamtc|y m fellewH: 
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It is worthy of note, first, t.hat sodium and chlorid hit. amoug 
the least poisonous of the listed constif.u(uits tliaf. may h(‘ intro- 
duced into (‘.ell protoplasm. It is for this ntason that, sodium 
chlorid is the main (jomponent of all “ physiological salt solu- 
tions.^ Not only do sodium and chlorid a.pp(‘ar in i)rofoplasm 
in largest amounts (in the list of th(‘. so-(^all(‘d inorganicj “ salts 
but th(iy yield, with protein, colloid systems whi(‘h in pliysi(‘al 
behavior most, closely approximate*, the physical (‘hara.<^t(‘risti(‘s 
of living matt(*.r. A,s‘ we ascend or descend (he list of (he tabulated 
bases or adds from sodium, or chlorid we encounter protein deriv- 
atives which are either more hydralable and soluble in water than 
normal 'protoplasm or which are less hyd ratable and soluble. It is 
this fact, we think, which is associated with the physiological, patho- 
logical and pharmacological aciion of these elements when udroduced 
in more than normal coneentration into the living mass. Whc.n, 
for example, potassium is introdmaHl in mon* than normal amount* 
it exerts a “ poisonous action whic.h (*.oIloid-chemi(^ally ewd- 
denccs itsedf through an incn^ascHl swedling and an iiutn^awd 
fluidity of t.he affechvl prot-oplasm. Ammonium acts sinuhirly, 
which explains why potassium and ammonium salts, for (».xampl(% 
are used therapeutically to render mont liejuid the. mucinous 
secretions of “ cat,arrhally ” affected miumus mcauhrancts. 

^ In connection with the analyHifl of physiological and pat hological prob- 
lems in the t<erms of colloid-chemistry, didinition must be atiempt«id of the 
nature of such “physiological” salt solutions. Ihin? wat(».r is |K)iBonous 
because in contac^t with it, protoplasm hydrf>lyzeH. Fn^e protein in 
quence pre(npitat(‘.s within the c(dl whihj “siiits” diflui4(i into th<? distilled 
water. Prescuicc?. of any wilt in the pur(5 wat.e.r rc?du(‘(tK such hydroly.sis. The 
salt must, howcv(‘.r, be of siK’.h nature and of sutdi con<‘entrati<»n as not to 
difTuse into the protoplasm and disidace the normal e(|uilihriuni (existing 
there between the various btisic and acidic elements. Henc(( the HUfH^rior 
value of an Na(U solution over that of any oth<‘.r oruj salt. Btit Na('l alone 
still permits of displacements an<l loss to the salt solution of constiiutaits like 
K, (>a, HsCOa, etc. For this nuison a Rinokh solution (which (contains small 
amounts of (iach of tlHise in addition to Na(’l) is sufK^rior simple wilt solu- 
tion. Solutions of the*, sugars (ev(ui when premia t in the same “osmotic;” 
concentration) do not prevent such hydrolysis and h(‘,n(!(; an; little bedter 
than distilled water. When prop(;rly pnipared, a physiologicml salt solution 
will have a composition which, as a solution of wilts in wat(;r, is in (;(|uilibrium 
with the system, solution of wat<;r in protoplasm. The proto[>hism will 
now neither take up nor give off water, in oth(;r words th(; two systems 
will be “isotonic.” The concentration of the individual salts in the water 
will, however, probably rwt be (and ne(;d not be) that of the (‘oncentratmn of 
these same elements in the hydrated protoplasmic mass. Whence the com- 
mon finding that “isotonic” solutions are rarely (if ever!) iBosmotk. 
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Hip inf rniliic'tiofi of niMinip-^iurn <»r calpiuni irito pr(>fof)hiHrn 
Ipacl^, on flip oflipr harnL to a " liryin^ out ” of \\u\ pi-ot.of)lasmic 
inaHH. \Vhi!p minW aiiiotints of flaw (‘liauprifs an*, inau^ssary 
to iiiainlaiii profoplasni in its lamiial staff*, lar^fa* onc.s 
to show II iiH-f iy ** ptasorious ’* action. Sti(‘h poisonous (‘fTf‘P.t, 
with porri‘spoiidin |4 #iphydrati<»r} of the tissians, cnonnously 

\vii(!ri salts of iron, silver, iiiprcury or liani an* uh<h 1 in phajana,- 
colo|^if%al iinirfipp; hcncp flic uppiI of achninistprin^ th<‘S(*, sul>- 
stances in verv -inal! amounts, in rncfticirH*, if their usf* is not 
to !«’ laislicd hcyoial the “ |'>hysiolo^i<’aI limit.’" 

In tin* ease of hcavim' metals, the above, consiflerations 
lf*a<l ns to ihe obvious conclusion that th(*H<* act as poisons to 
protoplasm iHa'aiise t hey unite with protoplasm to form (^impounds 
mc»re spai>4*Iy hydralafile tfian normal protoplasm. In pathol- 
ogy ami meilical pract iei* the formation of such heavy metal 
|mifo|ilasmic rom|KiumlH is generally considenMl to {*onstitutc 
an irreversilile change ami the affeeted protoplasm is commonly 
adjudged necrofie or flead. Ha* mere- fa<’t, h<nvev{*r, tha,t indi- 
viduals poisoned In* any e»f the heavy mefalH do ocmisiona-lly 
recover alnaidy iiitiicafes timt sm*h a conclusion cw<‘rstid('s the. 
facts; it \va.H learne^d, inoreo-ver. in considering tin* <’<jlIoi(l-clHunica.l 
Iw'liavior (»f the afialogous heavy metal soaps, that these could 
In* ci'Uiverliai intof light metal soaps. iVr irinh /m?c ta a//mc that 
ihr hrni'ij mriiil proft utnii :-i uith flu tr hnr hiidrniion vnpneiiieH can 
hIm^ hr crmrrrUti inh* iht imar hnjhbj htjdmlnhlr lighUr tncial pra^ 
irinnhr, ami that, as the latter an* fortiiecj, co!loid«chemi<'al restit-u- 
tion to I he coiifiii iiifi which more nearly ajiproximales the physio- 
logical state of protoplasm may Is* obtained. B<‘fore pointing 
oil! the ofivioiiH tlic'iiry of inf oi^icaf ion and detojcieation to which 
fltiN far*! leads, HUfie e;5t|N'rimefif s of fioiirarr A. Kkhoe • must 
In* defiiiled. 


2. Experiments cm the Conversion of Heavy Metal Proteinates 
iolo Liflit Metal P^oteinate# 

A iiiiiotiiit t'f> cc.i of a viscid gelatin t2 graruH in 

IfMI cc. W'lileri gently stirred together with an ec|ual voltiim? 
of disfilled wnter or an e<|uiil volume of nr ntMl siha*r nitrate. 
Hie ap|M^'iiriiiiec of five- forty^edght hours after being thus 

A. litaifii;: Jetir. I^ib. ami <3ifi. MiaL, 443 (IflSI), 



FicjuitK 111. 

Fig. 112 shows the revorBing ciffc^ets of thc‘B(‘ and other lighten 
metal salts when added to a of 2 gcdat.in solutionH 

(5 cc. each) previously cojigulatcHl through the addition of an 
equal volume of m/5(K) cupric sulpliak^, in/ir>(M) ferric sulpliiite, 
m/lOOO plumbic chlorid. After the cofigulantH had acti^d for 
forty-eight hours the rcv(irsing iigents (5 ec. (*ach} w^ere added 
to the tubes (m Nal, 2 m MgCk, rn/2() KOU, 2 m KCd, 2 m 
MgCfe, m/20 KOH, 2 m KBr, 2 m KCd, m/2() KOII). The 
photograph portrays the tulK‘,8 twenty-four hours after sucdi addi- 
tion. The clear gelatin control aprHjarB on the extreme left. 
The unchanged heavy metal controls are the leftf-hand tubes in 
each of the remaining groups. The three remaining tubes of 
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prepared is shown in the upper row of Fig. 111. The tube on the 
left contains the gelatin-water control, th(^ nauaining tubes 
gelatin and silver nitrate. Th(U’(‘ was now iuldv.d to tul)es, 
respectively from left to right, 5 c.c. water, 5 c(a wat(u*, 5 cat. ni 3 
sodium sulphate, 5 cc. m/3 magnesium sulphates, 5 cat. m/lO 
potassium hydroxid. The lower row of h'ig. 1 1 1 shows i\m (dlcatts 
of such treatment thirty-six hours later. I'hct first, two tubes 
are obviously unchanged. Thent has betetn distinett naatssion of 
the coagulating efTccts of the silver in thet rcanaining tubc\s, n\stitu- 
tion in the case of the KOII being appanmtly (a)inpl(tt(\ 
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miplrfi* n^solution of iho original. 



* ItiiiiiaiT A, Kviiur: Prrtufii*l '‘oiafiiiiitirHlwiii UII21), 
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be “ killed ” through the addition of various hciavy nud als. Saliva, 
thus “poisoned ” for weeks, will again split standics to (I(?Ktrose 
when any of the light metal milts arc added to if,. But- lien; again 
interesting differences appear. While all the light e,r m<tf.alH act. 
in this fashion, excessive addition of such metals as pofaasium 
will again kill the reaction. Apparently only when th(i (uizyme 
^presumably a protein) has a medium grade of disjKirsion and 
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hydration and not an exciissive, one with exttiwsive solubility in 
water will it best exhibit its stureh-splilting proixjrties.’ 


3. On the Nature and Relief of Heavy Metal Poisoning 

§ 1 

It is perhaps fair to say that the pix^sfuif, day treat ment of heavy 
rnetal poisoning is an attempt, in the main, to diseover some 

‘This idea that optiiwil enzymatic activity is iwtswiatal with a certain 
degree of dispersion of the enzyme., indcimndeiitly arrive! at liy Kkiiok 
was first discovered through otlmr coIloid-<dicmicn! methods hv A. Im.ih)U 
(Permentforschung, 4, 191, 20!) (1!>20)). P«im>k found thiif t!.c enzymnti.- 
activity (digestion of ixilyiicptids) and Hltramicroscoinc picture of a phos- 
phoprotein obtained from yeast was destroyed fliroiigh tlie nclkm of much 
acid but that both could be restored throiigti neutralization of the acid and 
addition of KCL 
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antidote ’’ which will throw the poisonous agent out of solu- 
tion. in insoluble ” form. Many facts in chemistry, pharma- 
cology and therapy already suffice to indicate that such a notion 
regarding the action of antidotal agents is incorrect. Unless, for 
example, an exactly proper concentration is maintained, the admin- 
istration of sodium or potassium iodid to individuals poisoned 
with lead or mercury does not result in the formation of insoluble 
lead or mercury salts, but may quite as easily yield soluble products. 
And yet the beneficent effects of iodid administration in the relief 
of various heavy metal intoxications, even when such concen- 
tration details are ignored, cannot be doubted. In the experi- 
ments of Kehoe the concentration of the reversing salts was so 
chosen as to yield no precipitates of the heavy metal elements, 
and yet the more normal state of the previously coagulated pro- 
tein was undoubtedly restored. 

The heavy metal salts do not 'poison protoplasm because they are 
dissolved in it, but because they combine with the protein constituents 
of the cell to yield insoluble proteinates of low hydration capacity. 
Antidotes do not save such poisoned cells because they precipitate the 
heavy metal, hut because they displace the heavy metal from its protein 
combination to unite themselves with the protein freed. The heavy 
metal previously insoluble because united to the protoplasm of 
the cell again becomes soluble and as such may be washed out of 
the body. 


§2 

The above considerations bring with them, we think, sug- 
gestions of practical value for the treatment of all the heavy metal 
poisonings. 

It is obvious that if the heavy metal proteinates revert under 
the influence of light metal salts to the proteinates of these lighter 
metals (which then more nearly approximate in physical state the 
proteins of the normal cell) a second reason appears for the admin- 
istration of large doses of alkali to patients poisoned by the heavy 
metals. A first reason was found and utilized some years ago ^ 
when the administration of alkali was recommended to patients 

1 Maetin H. Fischer: (Edema, 123, 133, New York (1910); Nephritis, 
52, 125, 173, 186, New York (1912); GEdema and Nephritis, 2nd Ed., 549, 
648, New York (1915) ; (Edema and Nephritis, 3rd Ed., 727, 789, New York 
(1921). Here numerous references to the older literature may be found. 
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poisoned (or about, to l)e poisoned for therapculic reasons) ])y 
arsenic, mercury or h.ad. As discovcu-cid by IIoppk-Skyler 
and his pupils, T. Akaki, T. Iuasawa and .11 . Zillksskn, i\m hv.avy 
metals interfere wii.h t.he normal oxidation (thmuist.ry of living 
cells, resulting in an abnormal f)roduction and accumulation of 
acids in the involved c(dls. Such incre*.as(Ml a(nd (rontmit, is fol- 
lowed by an increased wat(u* absorf)tion ((e<l(‘.ma) of t Ik* involved 
cells which in the case of such organs as t h(‘. brain, inc^dulla and 
kidney may lead to a fatal issuer Asso(n*at.(‘.<l with tin's f>har-* 
macological fiction of iho heavy nadals arid th(^ mjclling of (uuiain 
proteins is their other colloid-eluanical aed ion which n‘sults in th(^ 
formation of Zm* hydratahh compounds (like the nudallic. globn- 
linates). The combination of th(^ swcdling of (^(^rtain i)rot(‘ins 
with the dehydration of ot lun’s yields tlu^ anatomic^al piedun^ whicdi 
the pathologists call ^‘cloudy swelling/’ To iKuit.ralize tin* 
acids formed and thus to nulmui th(i Hw<dling of t h<* one. wdiile fit 
the same time the attempt, is inad(^ to un(‘oagula.tf^ t-h(^ (Idiydratcul 
second and thus clear tlui clouding,” heavy dosc^s of alkali ntv. 
needed (like the bicarbonat(^s, (;arbonat.(^s and hydroxids of soditnn, 
potassium and magra^'^ium or, in g(‘.ncrai, ariy of ihn lightm* bjisc^s in 
combination with organic acids oxidizabh^ to (sarbonak^sj. These 
substances alone, or bett(u* in mixtures, must b<5 givmi in suflicient, 
amounts day and night, to maintain a pcrnmnetiUy mnitral or (\vm 
a slightly alkaline*, reaction of tlu^ tirine.. In ord(*.r t.o float off in 
solution t,he liberal (^<1 h(‘.avy nudal, wat(*r is muHlcHi. It must, 
however, l)e rem(unb(u'(ul t luit water alone*, esiKHoally wh(‘n brought, 
in contact with c(dls in(diri(*d t.o (i‘(l(^n]ifi, favors their swcdling find 
solution. To offset such d(d(d(U’i()us efftH'ts, thc^ alkaline^ salts and 
water intake must be so controlled (whetl](*r giveri by mouth, 
rectum or intravenously) fis filways to have tin* combination touch 
the affected cells in hypcirtonic solution. ^ How much may be 
accomplished in saving an extra fraction of those* poisemed l)y the 
heavy metals l)y such med.hods may Ik^ d<*duc(‘d not only from my 
own studies- but from the independent oncis of William dkB. 
MaoNidee and H. B. Weiss.'* 

1 For details regarding such ireatrruait. see Martin H. Fischke: (I«ki<*niii 
and Nephritis, 3rd Kd., (H)7, CTK, 7S;i, New York 

2 Martin H. Fischcr: (Edema, 123, 133, New York (llUO); Nephritm, 
52, 125, 173, 1H(), New York (1012); (Keh^ma and N(*phrit w, 2iid EcL, .YIO, 
648, New York (1915); (Edema and N<*phnt,iH, 3rd Kd., 727, 7K9, New likirk 
(1921). 

« William dbB. MacNider; Jour. Exp. Med., 2S, 171 (1916); ibid., 26, 
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4. Concluding RemarkvS 

ill tlirn* rf paragrnpii^ ua* sliull in nitlnn’ doginjit.ic*, 
fashitni fry tu izrunp flu* rr*sii!ls uf fhc studies out lineal in thease^ 
p.'iKits with some (dder ore-d all at' whieh had in eonunon the^ pur- 
pose of iiimly/mn proioplaou eoIl<»id-eh(‘niieaIIy a,n<l (d‘ de^fining 
a- aenintlelv ptodhli- thv natun- (»f various cliangeNS ohs(*rva,l)lc 
in ihr lf\ingina>' \\ la*n ‘iihjerled to physiological} eu' pa,t hologicail 
c’haiige, 

§ i 

Hiologiea! i‘vid«airf indiea’o that of tint five* prox'inuife* prin- 
riple.s found in priito|4a-iii, proiein. earlaihydrate*, fat, salt and 
wator fhtve eoiotifutp ;ia invdur-ilile niininnnn. Wlule lif<<! 
may roiitintio ui the aloenoe of earladivdrate* and fat it (•<*a.s(‘.s 
as M>on a:> any t4 iho othor fhroi* i> missing. What is the* nda.! ion- 
ship r»f flioM* to iMf'li oihi'r/ In Uio rofuinon h<‘Ii<‘f these maJ(‘rialH 
exii-t “ in liilnfr' 'otiiifion * in ihe (*eils wtiieln plainly put, are lH*Id 
to la* liltli' hag"’ of salt sohnion irt whieli the j>rofeins are <‘it.her 
disMelvf'd or “ Nio|«*iidef l.“ And yoi. imruinl pr<jt<»plasm {‘v<‘n 
wlieii very rirh in salts lias not a salty taste and does not. vi(*Id 
any apprerialili* portion of its .^ali eontmit to ra,in or denv " or 
the dislilled water ill wtdeh If- may he hat.hed. TIh* Hnits are 
ohvioiisly n#i/ in dilute -volufion hut eomhined with the protein, 
liiologieal rea.Miiiing llierefore eonipejN the same eonelusion 
to whieli file aiiaiogie*--- e\iv.fiai! hefween the fieliavior e»f simph* 
I'protfiiii eoiloi*! sysfeiii’'^ and the iH-havior of living matt<*r have* 
led Us. Thr '' sr/lp. ** tifdi Ihr wnttr e/ pralopltmni ivxcrpi 

m Ihamiirnl ameimr'A ntr ee/ ’\frn ,** Th* art' fttmhuii ii irith 

thr prep'ins' mel iln rtfiuhiHniuiH i;: tutt ** ” in itatrr, fml 

amrrr^itUi, imlrf i.; fi i>< #/. Living matter is in essenei* a 

unit, a liyi!rate*d liasif'-profeife-aeid eoinplex in whiidi ionization, 
the laws of triie siiliiiinn and the prei^aiee of water in a staht 
iirialogoiiH lo that seen in a glass are redueed pnn*t ieally to z«*ro/^ 

h PJ d!«lTi; ilml , th, rxi, .VI 7 AU|h.,. |W. ^ee hAp Biui imd Med„ M, 
IIUd«l 7 .i. If if Wi4», JMiir -Xm .%led A.h.«ii , <fH, PUH f p.iITi; ilad 7|’ 

AM our* if ifiji :ih4 llooicra; Fnts im«i Fiiify Degem 

eriifPinyXrw Vori %Uut^h If FiHfitra' I'Fderiui. mid Xrphrifiii, 

:ird Fil . Ai'w VMrI. A‘r.*F: 

A^re I'dii LiJo n: M*'d Jieir , 7*e Upt noiro 

* Will I i» Willi lii’fe td tlie udiieh oh%'iM!idy are mmk when pro* 
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It is as different from the ordinary dilute solution as a “ solution ” 
of water in phenol is different from one of phenol in water. 

The experiments detailed in the preceding pages also indicate 
how the colloid-chemical nature of this hydrated protein colloid 
which constitutes the physiological basis of life may be changcid, 
either from within or without, so as to give rise to thc^, manifesta- 
tions of physiology, or, when more acc.(mtiiat,(Hl, of pathology. 
Through temporarily or more contrriuoudy acting factor.Sj be they 
mild or dradic in their action^ the chemical character of protoplasm 
is changed and depending upon the hydration and solution character- 
istics of the new compounds formed, the physical state of the living 
mass is also changed. 

In the list of the simpler changes which may thus !)e brought 
about are those which give character t.o mienia and abnormal 
water loss. The protoplasmic mass which in its “ normal ” statti 
has sucked up as much water as it. can, is possc^sscid of what the 
physiologists call a normal wat(ir content or a normal turgor. 
If, for any reason, a cell takes up more than this normal amount 
of water, it becomes “ mdernatous.^^ The botanists say that 
the cell is then in a state of abnoririally high turgor whi<;h, when 
extreme, results in destruction of the cell or “ plaHmoptysisJ^ 
Obviously, anything which under physiological or pathological 
conditions brings about such change in t.h(‘ (colloid mass, which, 
in other words, enables it t.o absorb meh (‘X(U‘Hsive amounts of 
water may be listed as a “ caus(‘. ” of (XKi(^ma or iiun’(^as(‘d turgor. 

For this reason at)normal aeennmlat.ions of acids or of alkalies 
within a cell may be listed as eaiis(‘.s for (X‘dema, for t.h(*.H(* so act. 
upon the “ normal ” allnimins of th(‘, cell as t.o mnvesi thcan 
into albuminates which have a highc^r hydration (japactity. But 
the arnins, pyridin and man also incn^asi^ th(t hy<lnition ca|>iicity 
of proteins (though in a diffc^rent way) so th(*y, too, art*, in pro- 
portion to their activity, '' caiimH '' for cxHlc^rna. Or when one 
basic or acid radical is substitutxid for another in ih(‘, nomxal 
protoplasm this may be a causes for oedcuna; for ammonium or 
potassium proteinates are more hydratable than sodium or mixg- 
nesium proteinates, and protein chloric! swells more than protedn 

toplasm is subjected to drying out, to the action of water, or to the action of 
analytical agents, is to our minds tnie also of many other C5om|x)neiiits held to 
be preexistent and '‘dissolved” in living matter. Alkaloid« certainly do 
not exist as such in normal protoplasm— they are otT through the methods 

used to isolate them as John Uri Lloyd has so often insisted. 
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sulphate. Such facts explain the poisonous '' and swelling effects 
of pure potassium or pure chlorid solutions upon normal cells 
which on exposure to these lose their sodium and calcium or their 
sulphate and phosphate, etc. 

On the other hand, anything which decreases the water hold- 
ing power of the protoplasmic colloids is to be listed as a cause 
for abnormal water loss,'’ for shrinkage of the cell or, to use 
the terminology of the botanists, “ plasmolysis” Much effort 
has been made to bring these swellings and shrinkings into rela- 
tionship with the laws of osmotic pressure. That all such attempts 
have failed will surprise no one, — the laws governing the water- 
holding powers of cells are the laws which govern the water- 
holding powers of their normal " colloid proteins and protein- 
ates and of the new colloid derivatives produced from these when 
exposed to the action of different salts. Since , the derivatives 
produced are possessed of entirely different hydration capacities 
even when the salts are applied in the same concentration the 
ultimate swellings and shrinkings must obviously also be dif- 
ferent in spite of equivalence in osmotic pressure." 

As we previously listed various elements as causes " of 
oedema we could now in similar fashion list others as causes of 
plasmolysis. In sufficient concentration all salts are such, but 
in their mode of action we must distinguish between at least 
two types of effects. Even without entering the protoplasmic 
mass, salt molecules may bind water and so take it away from 
the hydrated protoplasmic mass (shrinking it through “depriv- 
ation of solvent" as first suggested by Franz Hofmeister ^); 
on the other hand the salt radicals may replace others in the 
protoplasmic mass binding themselves to the vacated bonds. 
In this way lead, mercury and similar proteinates arc produced 
which, as compared with the more “ normal " potassium, sodium 
and magnesium proteinates, suck up scarcely any water at all. 

§2 

The colloid-chemical variations accompanying chemical 
change in the fundament of the living cell are not, however, 
exhausted by this change in its water-holding power. Its solu- 
bility in water also changes. Generally speaking those proto- 
^ Franz Hofmeister: Arch, f- exp. Path. u. Pharm., 25, 6 (1888). 
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plasrnic derivatives which luive a eapaeity for sw(‘lling 

have also a greater t.oiHi(uic-y to “go into s(»lufion.” Thr Ihifuj.^ 
that make for mdemia make also, therefore, for the (ippearauee if 
protein {“ albimiin^') in the .surround inn mediunL swollcai 

kidney in nephritis therefon*. yi<^lds alhuniin to the. urine, (allnnnin- 
uria); the cxx lernatous brain or spinal cord makes iho prot.cun 
content of the spinal fluid go up; (^te. 
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In association with th(‘.s(^ changers in th(^ din*elion of incu’c^aHCHl 
swelling and increascMl solubility, or d<*.creaHi‘<l swcdlirig and 
decreased solubility, it is W(il to carry in mind a third type* of 
change to b(i consideu-enl wh(ui(‘V(U’ salt- in ratlau’ high (*on(^cmtra» 
tion is added to protoplasm and wlum th<^ possibilities for (‘iHunical 
reaction between the salt and thc^ protoplasm arc*, ijracttic'ally 

zero. The* cthangc* about in be de- 
scaibcul scar(*c*.ly appcuirs when flic 
normal (relativc*ly dry) ecdl is up for 
consideration; it may \m promim*nt 
wh(*.n tlui (Tcll is cedcanatouH (or prac- 
tically liepud). When a ehemirallj/ 
norMictive nail in applied to proto pUmm 
in reUitwely high eoneentrntum it irndH 
to Hhrink the nornud veil (see .1 of 
Fig. 114 ) conemirimllif; 'trhen rnired 
with a more lujuid protoplamn the mil pariidvH imiUi with water 
within the protoplamnic 7ruhsH (mw. H of Fig. 114). Dcdiyd radon 
of the (protein) colloids of thc^ coll occurs in both iimtanc'es, but 
volume change (in the sonBXi of a decreawd »wiy tiot apiw^ar in die 
mexmd. 

The matter is of much importance in tlie, analysis of t he firincd- 
pies which must guick*. us in the tn^atnauii of (edtunii. Ah ho 
often insisted, all mdts, ineduding sodium chlorid, (ktcrease tlici 
hydration capacity of a protein in tlie presc^nc^c^ (if an ac^id and 
for this rciason should be adminisU^rc^d in as high a concaenf radon 
as possible to the oedematouH individual. It has, how(!V(?r, Iwaui 
insisted by various clinicians that the iwliniiuHtriition of Halts 
(especially sodium chlorid) doc^s not dc^creasc*, l>ut miiy iictiially 
increase oedema. While many of i\m ohs(*rvatioris intended to 


Fi<u?rk 114. 
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prove this point are subject to serious question, the observations 
detailed in this volume ^ show how such occasional findings may 
be explained. 

After the state described in B of Fig. 114 has been attained 
it needs to be remembered that every salt water droplet is enclosed 
within a hydrated colloid membrane. But these are now osmotic 
systems; for the so-called semipermeable membranes of the physical 
chemists, which allow water to pass through them but (as commonly 
alleged) no dissolved substances, are also nothing but hydrated colloid 
membranes. None of them are really impermeable to dissolved sub- 
stances, but they allow the passage of such only very slowly. The 
oedematous cell dehydrated from within may therefore swell still 
more if water is given, for it has been converted into a series 
of tiny osmotic systems, in other words droplets of concentrated 
salt solution in semipermeable bags of hydrated colloid. 

These remarks must not, however, be misunderstood. The 
normal cell is no such system and the play of osmotic forces within 
it is practically zero. 

From their observations on oedema the clinicians have come 
to the false conclusion that the way to treat it is to withhold 
salt. What is necessary is to give salt but to withhold water. 


§4 

We may now return to the general question of the possibilities 
for the developuKuit of osmotic properties by any cell under 
physiological or pathological eii'curnstanccs. 

Obviously, whenc‘ver tiie hydrated protein mavSS moves under 
the influence of physiological activity or in consc^qiience of 
injury, etc., in the direction of increased hydration and increaBcd 
solubility in water it moves also, in the direction of “ increased 
osmotic pressure,^' increased electrical conductivity, increased 
fluidity and decreased viscosity; while changes in the direction 
of decreased hydration capacity and decreased solubility make 
for an opposite set of changcjs. It is well to bear in mind the simple 
nature of these changers, for in them is carried the explanation ” 
of the biological terms which to-day impede progress in physiology 
or pathology. 


1 Bee page 113. 
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When it is obBcrved t.hat the colloicl-cluunicjal interplay Imtwmi 
protein colloids, watca* and various HO-(;all(^(l c^lect rnlytcH ” is 
governed both qualitatively and (iuantit.a,tiv(^ly by ilm sanies laws 
which govern various physiological functions (likci watcu* absorp- 
tion, muscular cont.raciion, n(‘,rve condueJion, He.nHi‘- of taste, 
digestion, enzymatic nuiction, etc.) it follows that the (-ssemee 
of these physiological reactions must also bc^ found in such c.olloi(l- 
chernical changes in the protein fraction of tba proto{>IaHinic 
mass. We locate, in other words, the portion r)f tho living maas 
in which physiological behavior has its mil. And in |)at hcdogy, 
it is again obvious that if th(^ laws gov(‘rnitig various |>athological 
changes are those which gov(irn the colloid-chcanical Ix^havior 
proteins we obtain her(i, too, an answt^r to th(^ nattin*. of tljesc^ 
changes while discovering, at the same time, the princii>l<tH whhh 
must guide us in tiieir t.r(»at riumt. 

Protoplasm when “stimulated^' or injunal rnanife^stH suh- 
•Boqucntly a “ current of action " or “ reaction to injury/' Physio- 
logically we know that the irritated or injured prolt^plasm iKKaanes 
more acid, that its electTical imtential toward an uninjured or less 
injured part changers, and t hat it shows an incn»as<ai osmotii^ |)r(‘s- 
sure; pathologically we observe the injunul proto{)Iasni to svv(»ll, 
to undergo, perhaps, a “ cloudy " swelling or “ albuniinons 
degeneration," which when sufficiently H(‘V<?re may he followcal 
by “ fatty degeneration " and deat.h of the involved part. (“ necro- 
sis "). 

Tho concepts dcvelopfnl in the preceding pages may m*rvo to 
indicate how these* physiological, aniitomi(*al and |mthoIogic*iil 
entiti(*.B hang togetk^r. The production of atdd in a part, eitlii*r 
through activity or injury, must, of ncicessity, bring with it an 
electrical change*., Bucc(*.(uled by a chemical one in whieffi the pro- 
teins of the involved proloi)hism an^ givtai an incnt^iiscid h>alrii- 
tion capacity and so, if wakjr is |)r(‘H(ait, ant made to swedL Hiich 
swelling will, hc)W(tv<tr, Im rnanifcHted only by prerteins of tint 
albumin tyr)e. The globulins, on the othftr hand (wfiich its 
sodium, magnesium or calcium glol)uliriat<? have in this foriii a 
higher hydration capacity), will Im robbed of tlaar hmm^ and, tm 
the less hydratablo “ free*. " “ globulinie acid " teiKl to Imi firi!- 
cipitated. The combination yields a pitJci{>itiikKl maiarial wdiliiii 
a swollen one, in other words, the anatomical picture of ctlotidy 
swelling. But the swollen proteins are also morc.^ soluble in water. 
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TIh* irivulvpti prtjtuplasia will not only to mix 

willi if?' MirrouialiiiK m«*«iium, hul for th(t globulin fnic- 

iioiil will i!.Hf*!f flit looviiiijr from n syst(*m r(‘pn*H(*nt(uI by n Holu- 
lion of walor in c^olloid malorin! towiirdn a »syHt.(‘m r(*.pn^s(mi(‘.(l 
by *i truo Holiilioii uf I iio rulloid matorinl (f h(? protoplasm) in water. 
Ah tills iiap|M’iiH tiiorr will Ih» iibsio’vod a li(|U(daotion ” of the 
priilfi|daMii. n dorroaso in its visrosiiy, an iii<*reaHod dilTusibility 
and I if sufli dilTiiHion is im|H*dod by hytlraic^d (colloid waills) man!- 
foslalioiiM of :m iniTonsoii oHmotic* pressure. 

'bhi* Movi-ral tloHtu'ibeil inakt‘ for a st(‘a.dy d(uaH‘aH(‘ in 

I lit* amoiiiii of by tiropliilif rolloifl pr(*s<*nt in t#h<» unit- volume* of 
proloplaMii and t!i*' ap|»-anuM*o of mon* and mon* “ free ” vva,t,(‘r. 
Iltif iimlia’ Mieii «ireuinstane<» any fat previously lield apart, in 
finely divi*led form within the pnitoplasm begins to run to^edJier 
info larger gloiiiileH. As this tiapiwns we. get tla^ unalomiead pic- 
tiir<‘ of ‘‘ fatly di*geiieratioii/* 

We have not thus far eonsidere<i tin* eptestiou of vvh<d.h(*r a 

n*versal ill thi'^ eireiiiiistiinees produfdng tlie* serieH of eiianges 
deseriin’d' nvith thidr ma’oriipanyilig allerntions in function) allows 
tfiesi* ehaiigf^s to ri v«*rs«' oi' not. If n*version is possihh* tla^ con- 
dilioii in riinible if fioi, ftie involved protofilaHm die^H, or, to 

say if. ill tirerk, it sufferw iieerosis. 


i A 

riiiisiflr^riiig that in a thoiimnd pages of pathology the mib- 
Jeefs of irdt^ina. eletiniy sw-ellmg iiiid fatty flf»genf»rat ion scanmly 
tiikf^ up a it iiiity ifiipress tin* reialer that too mutdi has Ihh u 

iiiiiile of tlinii ill tlii" pages of tliis 'Voliirnt* anil preceding ones. If 
tile mat ter jiisf ificatiiiii thiut it is written in the fact, thai fdl 

flisiiirtiiifiri* ill and nil tin* ehangcH of ilimiHc which are 

rf*%*ersilile iiipI ilieridori* mirabli* are i*oniiiinef| within tin* cmnfineK 
of !!sei«* iirwiy r*iiire|iis. f*#dls once ilciid Miay be ri^pliyaal by 
iitiii'rs, tint, till* phymrmn not. do this, if he has a problem 
it m flint eif liow III iniiiiilain tin* physiologiciil; to understand 
file iiitfiip* «if llie pat tit ilogieal; aial to tisi% not, wnili cmly, 

liiii mulii roiisrioiis |a#%ri*r his kiitavletlge of thesi* things in order 
III iiiii in her elTfiria to rei^tore an injtmal cidl to iltf» rionitiiL 

1*0 siirli Hifliilioii oiir efforts have not brotiglii m far. 

1*0 do it ill till* Irriiis of iiior|iiifilogy in to eiitl in pictures; to fici 
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it in the terms of pure chemistry is to end in forrnuhe. Perhaps 
to do it in the terms of colloid-chemistry as at.t.(mi[)ted in th(^ 
preceding; pa^es is also inadequate^, but if it is, the^ fault is n^sidemt 
in the misappliGat.ions which have Ix^cui made*,, not in thci inado- 
quacies of colloid-chemistry to the t-ask. 


PART FOUR 


APPENDIX 


PirratCO-CHEMICAL CONSTANTS OF VARIOCS FATTY ACIDS 
1. Acids the Series Adds of the Acetic Series - 



(1908 i »Y 'fTj* ^lubk In etJoroform and earl»n bisiiJphid. 
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LtwEciwtT^'H: Oik* Fats ami %Vas.«i, 1. Ill, L^judoti U9i3K 
LKWKowtwrw: CMk, Fmt« 1, 1&* il9l3). 
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II 

PHYSICO-CHEMICAL CONSTANTS OF VARIOUS ALCOHOLS ‘ 


1. Monatomic Alcohols of the Formula CJEI^n t lOH 


Alcohol. 

Formula 

Molecular 

1 weight, 

! 

Bi>ecific 

gravity. 

! 

Melting- | 
jHiint. 1 

Boiling- 
jKont . 

Methyl 

CIIsOII 

32 . 03 

! if c 

0 7913 4 

97 8” ; 

00 . 7K^* 

Ethyl 

CsHbOII 

40. 05 

0.78510^4^ 

-112 3'’ ! 

78,4*'' 

Propyl 

CaDOH 

00 00 

0.80358*4^ 

1 

1 

97, 4« 

Butyl 

C4H«0H 

74. OH 

O.H13Hit 

1 

U7 02*" 

Amyl 

CfiHnOH 

HH. 10 

0 Ht08‘^‘* 


137 M" 

Capryl 

Heptyl 

C 7 H 18 OH ‘ 

110.13 ’ 

0,830^® 

- 30 5® 

175 

Octyl 

C«Hi70H 

130.15 

0,8375 


195 5® 

Nonyl 

CsHieOir 

144.16 

0 8340 

-* 5.0*’ i 

i 215,0“ 


2. Diatomic Alcohols 


Ethykn© 

CaXbCOlDs 

02.05 


- 17.4® 

197.37® 

glycol 

Tri methylene 

CsHdOlDt 

76.06 



2l0.(f 

glycol ® 







45 

«» 

L Triatomic Alcohols 



Glycerin | 

1 CaHdOlDi 1 

1 02.(81 ’ 

1 l.20(H^/ 

1 17® 

! 290, 



4. Other Alcohols 



Allyl 

CiHiOH 

58.05 

O.H40ltt 


j 90 69* 

Benasyl s 

C 7 H 7 OH 

108.06 

1 0397 it 


2(«1 

Cinnamyl 

CsIBOH 

134 . 08 

33® 

I 257,5® 


I Data from Van NoifTftANo’a Chemical Annua!, by Jiuin C Smw York 

(1913), unlfM otherwiM* simdfiwl. 

* V. V, IliCMTWi: Organiichi* C?homio. Aufl., X, 349 (IWKb. 

^ W. H. PmKJN and I**. Standbit Kippma: Organic Cliemnitry, 451, Lortilon and Edin- 
burgh (1011), 
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A 

Acetic Acid, 7, 253. 

Acetic Series, fatty acids of, 7, 253; soaps of, 16. 

Acetic Series Soaps, 16, salting-out of, 117, 135; gelation of, 135; and foam- 
ing characteristics, 138, 141; and emulsifying characteristics, 136, 150- 
and washing characteristics, 136, 157. ’ ■ ^ 

Acid, acetic, 7, 253; butyric, 7, 253; valeric, 7, 253; caproic, 7, 253; caprylic, 
7, 253; capric, 7, 253; lauric, 7, 253; ficocerylic, 7; myristic, 7, 253; 
isocetic, 7, palmitic, 7, 253; margaric, 7, 253; stearic, 7, 253; arachidic, 
7, 253; behenic, 7, 253; lignoceric, 7; carnaubic, 7; pisangcerylic, 7; 
cerotic, 7, 253; montanic, 7; melissic, 7; psyllostearylic, 7; tiglic, 7,' 
254; hypogaeic, 7, 254; physetoleic, 7, 254; palmitoleic, 7, 254; lyco- 
podic, 7, 254, oleic, 7, 254; elaidic, 7, 254; isooleic, 7, 254; rapic, 7, 
254; petroselinic, 7, 254; cheiranthic, 7, 254; liver oleic, 7, 254; doeglic, 
7, 254; Jecolcic, 7, 254; gadoleic, 7, 254; erucic, 7, 254; brassidic, 7, 254* 
isoerucic, 7, 254; linolic, 8, 255; millet oil, 8, 255; telfairic, 8, 255; 
elacomargaric, 8, 255; elaeostearic, 8, 255; tariric, 8; hydnocarpic, 8; 
chaulrnoogric, 8; linolenic, 8; isolinolenic, 8; jecoric, 8; isanic, 8; 
therapic, 8; clupanodonic, 8; arachidonic, 8; sabinic, 8; juniperic, 8; 
lanopalmic, 8; coceric, 8; ricinoleic, 8; isoricinoleic, 8; ricinela'idic, 8; 
ricinic, 8; quince oil, 8; dihydroxystearic, 8; lanoceric, 8; hepta- 
decamcthylenedicarboxylic, 8; octodecarnethylenedicarboxylic, 8; jap- 
anic, 8; formic, 253; propionic, 253; heptylic, 253; hyaenic, 253; pel- 
largonic, 253. 

Acids, fatty, 7, 8, 253; of the series C»Pl 2 n+iCOOH, 20; amins of fatty, 206; 
solubility of fatty in and for water, 206; and union with proteins. 227. 

Acid Soap, 112. 

Acrylic Acid Series, 7, 254. 

Additive Salt Effects, 102. 

Adsorption, in soap systems, 185. 

Albumin Content of Secretions, 246. 

Albuminous Degeneration, 248. 

Albuminuria, 246. 

Alcohols, ethyl, 30, 31, 34, 56, 57; amyl, 34, 56, 57; capryl, 34, 56, 57; 
heptyl, 34, 56, 57; methyl, 34, 56, 57; octyl, 34, 56, 57; nonyl, 34, 56, 57; 
propyl, 34, 56, 57; monatomic, 44, 56; allyl, 49, 53; benzyl, 49, 58; 
cinnarnyl, 49; diatomic, 50, 58; triatomic, 52, 59; and sodium oleate, 
46; and sodium elaidate, 46; and sodium erucate, 47; and sodium linolate, 
48. 

Alcohol/ soap Systems, 30. 

Alkalies, and salting-out effecte on yiotassium oleate, 120, 121; and union 
with proteins, 227; and heavy metal poisoning, 241. 

261 


2()2 


SUBJECT INDEX 


Alkaloidb, and protnplamn, 244. 

Allyl Ai/^nnoi., 49, 5J, 251). 

AMiNO-At’iim, 205. 

AMINO-FAlTY-AtanH, 200. 

Ammonhim linolatn, 24; olaaio, 25; Htnarat(% 20; piilmitatc*. 2^ , Iauriitf% 28. 
Ammonu/m (’hlohii), and salUnj 2 ;-<>nt of HoapH, 121, 120. 

Ammonium IlYDiioxin, and salting-out. of soapn, 121 
Amyl Aoktatk, 01. 

Amyl Aloohol, 04, 50, 57, 250. 

Anauxjikh, in colloid-ditnniHtry of protoiu dorivafivon and ’Jl.» 

Antidothh, 241. 

ARAOHinic A(nn, 7, 255. 

AiiACHinoNKt Aoin, 8. 

Ahbkhtok, 193. 

B 

HAUntM liiKilaic., 'M, oloat.c, 2r., Htfiirutf. 'it;, imhuitiiti-, 27. Iiuimtc. 2H 
Bahythh, 193. 

BnicHWAX, 109. 

Biohenio At'in, 7, 253. 

Benzaldeiivd, 01, 03. 

Benzene, 01, 03. 

Benzyi. Alcohol, 49, 58, 250. 

BlBLIOaEABHY, 257. 

BiOUXHOAL (U)A<ltTLATIONH, 233. 

BU)0I) UoAOtlLATION, 233. 

Bohax, fiH Hoap filler, 185. 

Beahhuhc Acin, 7, 25*1 

Buine, and Balting-ont of aoafm, 182, 

BtHTEii Fat, 108. 

Butyl (Iho) Ai/johol, 50, 57, 250. 

Butyric Acip, 7, 253. 


a 

Cacao Bu'itee, 107. 

Caliuum ChI/Orid, and Kalting-<Hit of soafJH, 131. 

Cauhum HvnHoxn), in nonp niaiiufactiiro, 93 

Calcium linolato, 24; oieato, 25; Hionmto, 20; liyi'lrfixtcl, 93; elilorki, 131, 
Capric Actn, 7, 25;i 
Caproic? Aciu, 7, 25.3. 

C'apiiyl Aujoiiol, 34, 50, 57, 250. 

Caprylic Ach>, 7, 253. 

Carbon Tr/rRACiiLoiun, 01, 53, 

(Jaenaubic Acun. 7. 

C ABE IN, 228, 2;i3; syHt4ui»H, 288. 

Oabeinouen, coagnlaticBi of, 233. 

CabtoeOil, 100. 

Celi^, phenomuna in, 247. 

Oerotic Acrin, 7, 251 
Chalk, 193. 

Chaulmoocieic Acn>, 8. 
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Cheiranthic Acm, 7, 254. 

Chloroform, 61, Oli. 
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lOM'joMAnnAEir Arm, H, 255. 

Kl/ioohtkahic: A(’m, H, 255. 

IClaidic A(!n>, 7, 254. 

Kmiii^hikication, theory of, 154; in sojiiMnuinihirtun*, 174 
MMULSIFYINti IhtonKItTIHH oi'* S(»AI»S, l.'Ei, 150 
Kmulhion, 72. 

Knzymkk, and lamvy imdal ludunj, 229; and d«'^n’c of di*-|M i>ion, 240 
lORtrcK! Acid, 7, 254. 

Kthkkh, 61. 

Mthyl Alcoiiod, 24, 56, 57, 256; ami j^oap hV.Htfins, 2t<, 24. 

MthyI/ Alcoiiod/Sodhim Olkatk Syhti;mh, 21, 

Kthyd (Knantiiath, 61, 62. 

KTHYDKNKaLYCOL, 50, 5H, 50, 256. 

Eirn-urrH! Mixtohks, 20. 

¥ 

Fat CJonhtanto, 160. 

Fatk, 2; in noiip making:, 164. 

Faity Dkoknkhation, 24H. 

Fkurkj ( hii/ORiD, and Hiilting-oui of Koa|>H, 122. 

Ferrr; ScLimA'rK, 22H. 

FuotiNooKN, coagulation of, 222. 

Ficjocehylk; Acid, 7. 

Filled Soach, IH5. 

Filler for »Soach, lK>rax 1H5; j^iijy^ar mdution a-H, 102; colloidw m , 102; 

nature of aidion <»f, 104; uhc of, in **xvvm, 105, 

Finihiiino of Soai'h, IH2. 

Flour, 102. 

Foamino, of HoapH, 126; wmp.n «4Tcctivc fi>r* I2 h; cff'ccl of fr'iopf-raturc 
12H; theory c)f, 154, 

Foamh, Kolid, 126; liipiid, 126, laodnction of, 127; miyiitcnwiri* of, 127 
Foraih? A<*id, 252. 
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(lADOLEic Arm, 7, 254, 

it AH IN (lAH, tM, 

(Iah in Liquid, fH. 

(Uh in H<a2D, (W. 

CiAm^LiNE, 61, 6*2. 

(lEL, 21; theory of mmp, 60. 

Gelatin, 200, 21H; HwelliiiKof, 75, 21K; and water 21H; Miliitinii of, 

218; iiide|Mmdeiice <»f Mwelling nml a* tint ion in, 210; liyflrfit ifiii find 
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salt, 221. 
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Liquid Kt)AMH, VM\. 

Ijquid in ( Ja 8, tVL 

l4iQtiiD IN Lkidiu, iVL 
I/IQIUD IN St»DlD, 54, 

LrnuuM Oia’.ATr, 25. 

Livku At ID, 7, 252. 

Lydodddic Auid, 7, 251 
Lyd, 5, I HI. 

Lyddhiiju ( ‘di.uqdh, 71; jii'Dt*ml llM’nry t»f. 51: lufi *if, 171 

LroDiiDiiK^ C’dlldidh, 145, 72 


M 

MAtiNEHittM linctlali*, 24 ; tili’iift*, 25; 25, 27; iiinrat«\ 2H, 

Macindhidm (2*u>iud, find *4 i;i| 

Madnkhium HuDiQiA'rr., ami wwiiiiiD *JMI. 

AiANDFACTDHK, i»f WiflD. L72. 

Mahdahiu AtiD» 7, 2721; fw mixfiirf, 20. 

AIahink HoAm, IH7. 

MAYDNNAiHr., 115. 

MKDD4Hif’ Auid, 7, 25»'i 
MKitrtnau C'*iii4'ii«id, 220 
MKiif't‘’i«:Y 25; ntvnrnU\ 20. 

Mktiiyi# Au'diiod, 04, 55, *57, 2*5ll. 

MiLIC C’ciAtJUDATItlN, 200. 

MidlktOid Af'iD, H, 2f»5. 

Mixed Hymtkmh, 70, Ki, H4, H5, H5, .H7. HH, HO. 

M(iNATt>MfD kidnm(.n^% 44, 55, 255; nial mwliiifii ulrfitf*, III; mul mmtmirn 
i4a!(lati% 45; ami 47; of lln* w*rir.fi 15,11^1111, III, 

of, 255. 

MoNATtlMID A|/*OSIOD/HdA}» HWtIEH, 

Mdni’anic* AriD, 7* 

Mutual BciiAiiiiLfTf, 55. 

My-obimooem, eoiigiilittkm of, 

Myewtic Acid., 7, tM. 
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S 

Ni.IIIOHIh, ’i'lH 

\t I iii%r. Th, 

\iiMi, HI. .V», HT. 25»>, 

\|-1%!|.*. Hi"1TI:|I. I»i7. 

I h 'tMiir.f vi.ir Ann, S, 

iii i'in. \i.‘» Min*!.. Ml. AT. 

f|,.i»i T*l I; Ilf nMiliuin rhlunil in, 2U\, 

uil. * 

M;. ih iis’i.iang. MTl 

iii.r. vrr-'. Iti. ’Jl 

\» II*,. T. 'i.AI 

ut,i'i‘ \* II' i’.ir-"n 7, «AI 

I If, .nr, t iir, 

f Ann* A» iii’n 'iAA 

i 'J-17; nut nn* of, 247, 


r,.4i,ii KrjiM-i. « ni-. 1*0 
IHl.M * ^^11.'. 

|^ll.,%ll'r■vrl..'r. M. 

|*.\l, Mi'll*' ,A*'i|.«, 7. 'iA.l 
|*,%i.Mii'*4.i'n' A*"in, T,, ’iAI 
|‘.iini.'i*riiir*, i'll t'*:i 

lA-r, ,\^-'iir 2-Vl 

rr.rrs/ .%Tioo:. XAV, Mnntpm *4, AW; of fully tivnU lutfl pfiitomH, 227. 

prrw*^'"4'in'*i*' 7„2A-| 

%'rr.w mI, m 

lAi>n*oi.rii'Tmr'r,r*. Th. 1I.:i 
i*in '4'.‘n4.ri* ,A»"in. T, 2AI 

|*in o-.^rifr.%i|r %|., t «4 of mrohow, ifm. 

1*111 ! 4 m|.mop -^I- Hr 'liipl ri»l|oiiHrht*riiiniI rlmngoH, '2-IH. 

fiin-aoij **■,!< 

Hnii: Of’,, III, ifc'i 

ijui n \Mir T 

|*|.A^%lM| |n|ft A I"* 

'1*1 is^iiMri i 2IA 
|*ii«rn ? AW 

piiiwpao*. |v% riiiifsp^ooiii ri#ni|*»iiii4« iiipl motiilH, Ato, 

TA'lLTl >*, * »$ •.'.'i, »•>; iMiliiiitatf!, 27, liiuratd, 2H; 

^ ;a..a«».a ir.u2.i. 121 . V 27 . ik m, m m 

t,L„4 i-JK 127, IU,..u4. 12!. .•hloral, 1‘22, 127, 12H, 12»: brom^, 
iTJ. >'«!»'! 122. !2;i; »<il|»Wy»m<l. 124; wilithtmyiuuiUi, IM, 

!2%. xalt4»s.»<> r2.'>: tnrtriita, 1211; itlawplmU-, 120, ratmt«>, 12 , 

ttSitfi'fll m 4, mi-* 

» In t %ii'. I'2A 

ITd, 127, rJH, 1*211 

I Wilt ^ I iimrr, t'i* 
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PoTAHHiUM Fuioitii), jukI of HoapH, 121. 

PoTAHSiUM Hyduoxid, jlikI hhH (» f HoapH, 120, 127. 

PoTAKHUJM lODia, 122. 

I^OTAHHniM Nituatk, 123. 

l^oTAHHitiM ()i,KATK, Hultiiig-faii of, 93; of waO‘r u|>on^ 91; of 

aIkali<‘H upoii, 94; (4Tar(.H of saltH 93; clfoc't.H of alkali and naif 

0»ji;(‘l.h(T lOH; hintorical ramarkn on th<* aaltin^-otit «»f, 110; j^alfing- 

out, (4T(*(*tH of aIkali<^K njMai, 120, 121, 127, I2H, 129, 131, l.'P>; 
olTocks of iKUitral HultH uinni, I2I, 122, 123, 124, 125, 120, 127, I2H, 129, 
130, 131, 132; and Hodiurn carhoiialo, 2CM); and Hotiiiirit siliaaln, 201; 
and Hodiuin horatn, 201; and niaj 2 ;in*Hinin Hul|)liafo, 201 

PoTAHHItrM PhOHI'IIATK, 121’). 

PoTAHHiUM 8 oai*b, 10, 23; foaming pri>|HTfi«*K of, 113; foamni|i: pro|M»r!ii*H of, 
of th(‘ a('(‘.ti(‘, H(*rioH, 14H. 

IN)Tahhium HifLiaiATK, 125. 

POTAHHIIIM SlfLPinHJVA.NATK, 12.3, 124. 

POTAHHIIJ.M 3'aHTHATK, 120. 

Potato Klouh, 193. 

I9iopANi)ioi4 (1, 3), 50. 

PuOpiomio Aom, 253. 

I*HOPYn Au’oiion, 34, 50, 57, 250 

PiiOTKiN, Hwnlling of, 75, 219; acid and haMic dnrivativcM of, colloid- 

nhnrniHtry of dnrivativc'H of, 20H; Holutam of, 21H; jirfion of uruh iind 
alkaln^H upon, 218; Halting-out of, 22<i; foagiilation of, by dilTcriTti 
bfiHOH, 230; coagulation of, by heat, 233; and heavy and light mefaF, 237 

PuerrEtN DiutfVA'riVKH, 205; nolution of, 205; hydration of, 2tl5; wdiibility 
of, in and for water, 200, 

PiiOTEiN Syhtkmh, eoinpanai with H<«ip HvatoniH, 223, 

PiwmuN/WATKn Hyhtkmh, Htability of, 211; inde|«‘ndenee of swelling nnd 
Bolution in, 219, 

PitOTOPLAHM, Holution <»f Water iu, 78; huiissaiioti in, 82, 243; injury to, 82, 
247; fundanienfal <diemieal eonHtifulii»n of, 235; m mdiifion of mater in, 
235; otTeetH of introdueing tlilTerent haai^H into, 230, 237; fundaiiientid 
eompoHition of, 243; Hulta in, 243; mul idkahuflH, 211; .aolubilily of, for 
water, 244; Holnbiliiy of, in wafer, 215; miefion miieii injurial, 247; 
(dcM'trieal eonduetivity of, 217; eloudy Hwelliitg in, 21H 

pHYLU)BTKAKYi.l(! AOW, 7. 


Q 

QruNOK Oil Ann, 8. 

H 

liKAcrrioN TO Injuiiy, in proto|4aHiii, 82, 2IH, 
Eapk; Aaii), 7, 25*4, 
liBlCUlKIiT-MFUHHL VaLVK, 170, 
Ekveiwibility, in i4(aipH, 89. 

EKHNKLAlnic? Acan, 8. 

Ekhnic Acid, 8. 

Eic:!wolrio Acin, 8. 

Eioinolkic! Acid Hkhikh, H. 

Ein^iee Solution, 230. 
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S 

Sabinic Acid, 8. 

Saliva, and heavy metals, 240. 

Salting-out, of soaps, 5, 68, 80, 93, 182; of phenol/water system, 68; of 
potassium oleate, 93; historical remarks on, of soaps, 107, 110; theory 
of, of soaps, 113; of- different soaps, 116; of acetic series soaps, 117; 
effects of concentrations of sodium chlorid upon, of soaps, 117, 128, 129, 
130; of mixed soaps, 181, of proteins, 226. 

Salts, effects of, on potassium oleate, 95; water attracting power of, 110, 111; 
and gelatin, 222; relation of, to protoplasm, 243. 

Saponification, effect of concentration of alkali upon, 179. 

Saponification Value, 170. 

Secretions, as solutions of protoplasm in water, 235; albumin content of, 246. 

Seed Husks, 193. 

SesamiS Oil, 166. 

Settled Soap, 181, 183. 

Shaving Soaps, 191. 

Silver Nitrate, 238. 

Soap, definition of, 3; graining of, 5; by Twitchell process, 5; preparation 
of, 10. 

Soaps, gela,tion capacities of, 10; with different basic radicals, 10; with differ- 
ent acid radicals, 15; of acetic acid series, 16; and water concentration, 
22; and non-aqueous solvents, 60, 63; salting-out of, 68; as normal 
electrolytes, 70, 180; as colloids, 70, 112, 181; neutral, 78, 113; hydroly- 
sis of, 79; reversibility in, 89; salting-out of, 93, 182; historical remarks 
on salting-out of, 107, 110; jellying of, 111; acid, 112, 113; as true 
solutions, 112; alkaline to phenolphthalein, 113; theory of salting-out 
of, 113; salting-out of different, 116; gelation and salting-out of various, 
of the acetic series, 135; foaming properties of, 136; emulsifying proper- 
ties of, 136, 150; washing properties of, 136, 157; changes in, on cooling, 
180; salting-out of mixed, 181; curd, 181, 183; settled, 181, 183; grain- 
ing of, 182, 183; “going stringy” of, 182; finishing of, 183; half-settled, 
183; filled, 185; transparent, 186; physical constants of market, 186; 
cold water, 187 ; hot water, 187, marine, 187 ; hygroscopic properties of, 
189; water loss by, 189; conversion of one into another, 190; shaving, 
191; fillers for, 192; hydrolysis in, 231; heat coagulation of, 231, 232. 

Soap/ Alcohol Systems, 30; with different soaps, 31; with different alco- 
hols, 31. 

Soap Gels, as mutually soluble systems, 66, 69; theory of, 69. 

8oap in Water, 69. 

Soap KETa^LE, 164. 

Soap Making, 6. 

Soap Manufacture, 163; by cold process, 170; by hot process, 170; mixing 
of fat with alkali in, 174; emulsification in, 174; microscopic changes 
observed during, 176; addition of alkali in, 178. 

Soap Mixtures, 83. 

Soap Systems, effects of temperature on, 71; compared with gelatin systems, 
223. 

Soap/ Water Systems, 9. 

Sodium caproate, 17, 19, 38, 54, 56, 58; caprate, 19, 39, 54, 56, 58; laurate, 19, 
28, 39, 54, 56, 58, 59; myristate, 19, 40, 54, 56, 58, 59; palraitate, 19, 27, 
41, 54, 56, 58, 59; arachidate, 20, 54; margarate, 20, 42, 54, 56; stearate, 
20, 26, 43, 54, 56, 58, 59; elaidate, 21, 55, 57, 58, 59; erucate, 21, 58, 59; 
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linolaic, 21, 24, r)7; 21. 25, 55, 57, 5K. 50: nri*tat«*-jdr(ihr,l «.Vat.^ 

51; hut jnito-aicohol aynt onis, 51 ; mpn^nt <‘»nln»}i#>l piijh, :il ; 

al<!(>lK)l :il ; cuprylati^-jilrahul 51 ; 

tcinH, ii5; <4jii<hij(*-alt‘ohf>l HyntiniiH, ;ir»; t-uprylair, US, 51, 5i», TiH: 

arid ciifr<!r<aii ah^oholn, ir>; <d(‘at4*ai»d iiilTi'ri*ri 1 idrijIinK, jr»; 

dilT(^r(‘nt nlndudK, 47; liiialuli* aud dilTfriiit itIndjnlH, 1H; laifyn*tx^^ 

5(5; vnl<'rnt<!, 54; acalnii*, 55; fijrianti*, 55; 55; 

irulicatars, 7K; HU'arala and iridicalarH, 7!J; uli^af !-h«hIwiu nlriirnt c* 
t\ir(*..s, Sii, HK; ol(‘al<‘-H(«liaiti iutliiiila(p uiidur«'*s h;i. .h.5, hH; 

HOiliurn Htcnrala inixtiirt^i^, S(>, SH; fni 

87, «9; chlarid, 1 17, 1‘JK, 120, 15(1, 1H5, 215; hydromd, 12(J; «'nr 

g(datiiiatn, 221; caHcinali*, 220, 7 

SoDiaM AfK'rATi:, 55; -nU'cdinl Hy.MtiniiH, 2! 

SoDiifM Ahachidatk, 20, 54. 

SoDitiM liaitATK, an H{»ap rdlcr, IH5; and Hf«liuin IIHI 

Sodium IluTYUAn’K, 54, 5(>; -alrolioi 'S\ 

Sodium (Iai’Uatk, 10, 50, 54, 50, 5K; -alrailiid M'Nf«*iu«, Ml 
Sodium (Ui'KoATO, 17, 10, MH, 54, 5H; -nlriihdl ^Vf4rfa% Ml 
Sodium (^aimiylatk, MK, 54, 5(», 5H; -alndiid .'ll; -‘.fi*dintii 

inixtun^H, 87, 80. 

Sodium C.AiuioNATK, an Hoap iH.V, urit! widnim oli-afi*, 1 !»h 

Sodium Oahuinatk, 220. 

Sodium (Itiuimi), and .satliuia HuapH, HI); *4 riiii«“riilnitn#nf^ for 

Haiti ng-cjut of noapH, 117, 128, 120, IMO; im 18.5; mipI tielny-— 

dration of protaidaHiii, 24(>. 

SoDitiM KdaIi>ati% 21, 55, 57, 58, 50; -airubol M5; jifnl ditTor^rx-t 

nlcoliolH, 40. 

Sodium Kkucatk, 21, 5H, 50; -alriilinl Mf#; timl «fiffrri*iil iil#*c>l\ols 

47. 

Sodium Fi^umatk, 55. 

Sodium (Ikiutinatk, 221. 

Sodium IlYi>nnxia, and Bulling-oiit 120 

Sodium I/AtriiAT8, 10, 2H, 50, 51, 511, 5H, 50. 

SoDUiM I’aNCihATK, 21, 24, 57; aial dillfrioil ril«’ol»<»{H, 4 h, 
inixturoM, 80, 8H. 

Sodium Maiuiahatk, 20, 42, 54, 5K 
Sodium Myhihtatk, 10, 40, 54, 50, 5H, 50, 

Sodium Olkatk, 21, 25, 55, 57, 58, 51); and pfliyl filrolinl, Mi; natf flitTororn't 
iiIcjoIuiIh, 45; and iruliratora, 78; «Hi«lnna fstoiirulp 8*1, ■M4-, SS; 

“«ndiuin palraitnO* iiiixturuH, HM, 85. HH; iitnl riirtffiiMiii** , IQS; 

find Mfjdinin Hilirato, 100, 201; iiiitl mulintii lOO; and ftinicf »-c.*«i'iaiaa. 

Hulpliati*, 2(M). 

Sodium Pa UMiTATK, 10, 27,41, 54, 541, ♦%, 50; «ii*«lii4fri fdrmlf 33, 

85,88. 

Sodium PiioiaoMATK, 55. 

SoDitiM Hidicatk, iWK€.mp filhtr, IK5; aiicl ma.lairfi filtmti', 1011, 2fll 
Sodium Soadh, 111, %l\ nf thn andii* adil mmv$, 20, 41; <#f tlir 

H(srk*fi, 24); nf thn liiitdia litdd wriw, 20; and flittloiiiK' rjlJ; si.nci 

triato,rriie aleolidH, 52; itrid ^lyraTiit, 52; inal latiyd 5»-l ; . 

alkali, 80; and Hwliunt cdilnrid, HO; kittraing itf, I Mil, 

tbn froDi pota#«infn 100; imHkiftkiri frnni i^alrittin IQl 4 

production from ammonium sfoap, 101. 
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l-l 54 .rf». :,H, :»«i^ jiii4 intlinitorH, 7<J; -nodium 

‘-•v Hi, hh, ■■•'**«liiiiii liiiuliit^ K(i, HH; “Widiunj 

• •■■ '^■'7 

< ♦*» \ * ; j j, <- 4 

♦ s'i ■’“‘t s * 3' i 

;i ';».! 

S < J n» I , = •: i*'.' I ,i^s 
.H? rj nil n * ; *.. :■ , «4 
>1*1 !'!♦ in l,nn it\ *-4 
H»*j in in n an, *4 

■!!♦ I . ■•'' i ^ I 

S i| t 'njj ;!l'j „ i;u'.3Hn ul *#» 

14 innn-o. . 'I n. *». ;»,* I mI |jrMf«-in»^4i|H 
h-Mi , Ml, ri‘- 

>***! ', * ! 3 • *n * M- •: •’ I 3- a ‘5 I Vn 
h-iii-isn '1^ ,*4, ;?r» 

’• ;r n .r> . 

»***'! un ji r» 1 

hfr %nM ^ •■ l<i, ;**V »4 LrM>v%' h^hl riil^tMl 92. 

|hi|- HU \ H .* V / “*n 

hllftii I % j i'*n 'I i-i i|»l ii*U3.v '/l^i 

|»t %%fi H.i I ti inn*-. l'<-'‘r |*l| 

hi :u*r n-n^n, 7 i 
.h « I 1 3 jn •* M • <' ’••l--^ !■•* »«^ 
hm j;i.ijn *.., *1. » ’u •■! *tr as*, ;?|h 
h I nr ni'-J'..i'i 15 '»' i ♦4* 

hiwrit4, -A^irn u, ;4 |,-!s4»m|, .'nt 4ujii|» IHI; |»li»*iit4 ,' whI<t^ tMV, 

|,*r l.sit U4 -pi.'gl^'f, 'J|H. ♦ .-..4.r»- p * 22'*^ 

hiwfiM^n ^4 4i|4Ki..u‘t'„ ll'i, i4m225», 217. 

I 

1 II.IHVI, 

1 irn « t„ 

1 iiuiii** I- am H 
'I'MitiU*' .|' U* .Hs'nil’.li, H 
l\rii' ii4vn Ion %. 5*‘4» 

■| » ,. *.l <!4 || .“I , «| | TlT I f*f #'|||lll«l[lil*ftt,itlfl, ITm, 

’Tlll;W*ri'f ..i:* lu, 

‘i'iul.n 7, 

I iMi. 'Afi s*u I *?«■■* '<1# >.4 «5^4li.«i4 i4H 

'4<% 

‘i'»4i I I’ nr «4 *-?: 

1 Wfrnnr isu n I tM'n 

'I 111 fi I #in, *4 *4 I 

1 W t |4.itf4-< liji <.jUi|,n 
4 lltMl'tlS t l.f »*|mU 1 < Mj , 

;4| 

liitrimiiM’ <ii| 

V 
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Wahhinci Propkutikk, (if wiiipK, IHCt, lOT. 

WATKH-A'n'KACTlNC} PoWKU, <)f 110, HI. 

Water Dihhoi.ved in X, Hi. 

Syhtemh, 201h 

Water/(1elatin Syhtemh, 218. 

Water-( 5LAHH, 185, itHHoup lilliT, 185. 

Water in Soap. 00. 

WATEJt Lohh, by HoapH, 180. 

Waxeh, nH(‘d in Hoap inaking, bVt. 

Wheat Gluten, 218. 

X 

X Dihholvkd in Water, HI. 

Xylene, (U, 08. 




